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ON THE TELEGRAPHIC DETERMINATIONS OF DLON- 
GITUDE BY THE BUREAU OF NAVIGATION, 


BY Luewy, J. A. Norkts, 0,5. 8, 


Tae following definitions ite given by Chauvenet in his Spher- 
jet! ond Practical Astronomy. 

* The longitudi of a point on the carth's surface is the angle wt 
the Pole included between the meridian of that point and some 
aad first meridian, The differvice of longitude between any 
two ports i the mangle included between their meridians: To 
deseribe the practical methods. of obtaining this difference or 
angle, by moans of the electric telegraph both overland and sub- 
marine, and espectally these employed hy the expeditions sent out 
by the Navy department, is the object.of thik paper, 


Before the invention of the telegraph various methods more or 
lesa aeeutate in their results were employed, and are still in nee 
where the telegraph is not available: The one most used and 
giving the best results was that in which a number of chrongm- 
eters were transported back and forth between two places the 
difference of whose longitudes waa required. “For,” oa the 
author quoted above says, “the determination of an absolute 
longitude from the first meridian or of a difference of longitude 
in general, resolves itself inte the determination of the difference 
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of the time reckon?) weothe two merhlians at the <ume obeolate 
inatant,” =f a chronometer be regulated te the tine at any place 
A, and then transported to a second place J and the local time 
at A, be determined at any instant, and ot that instant the time 
at 4, as shown by the chronometer iy noted, the difference of the 
titties is at onee known, tid that ie the difference of longitude 
mquired, ‘The principal objection te this plan is that the best 
cheonometers vary, Tf the variations were constant amd regular, 
aml the chronometer always galod or loxt a fined amecunt for the 
same interval of time, this objection would disappear. But the 
variation i not constant, the rate of gain or loss, even in the 
best instruments, changes from time to time from various coupes, 
Some of these causes may be disvovered and allowed for in a 
mensnre, others ate accidental and tinknown, OF the former 
class are variations dae te changes of tumporature, At the Naval 
Observatory, chronometers are atid at different temperatures, 
at the changes due therete are noted, pte serve to a prewt extent 
rb yo wtbiele in their ate, = Mat the transportation of a chronometer, 
even when done with great care m liable t cause sullen changes 
in its indications, and of course in carrying at long distances, 
nomercgs shocks of greater or less vielemre are unavoidable. 
Still, chronemetric measurements, when well carned cut with o 
number of chronometers amd skilled observers have been very 
suncessful, Among notable expeditions of this fort was that 
undertaken in 1443, by Steave between Palkova and Altona, in 
which ¢ightyme chromometers were employed and nine voyages 
made fron Pulkova to Altows and eight the other way. The 
results from thitteen of the chronometers wore rejected ms Trityr 
discordant, od the dednedd longitude wae made to depend on 
the remaining 68. “The resale thus obtuined differs from: the Latent 
determination by oo. 

The ©. 8. Coust Survey instituted chronometric expeditions 
between Cambridge, Mase, and Liverpool, England, in the years 
1440, "40, °S1 and ‘55. The prelable error of the reeults of six 
voyages, three in each direction, in 1855 was O'.18, fifty chro- 
nometers bemg carried, 

Among other methods of determining differences of time mar 
he mentioned the observation of certain welestial phenomena, 
which ore visible at the same abeclute instant by observers iti 
Virious parts of the globe, auch as the instant of the biginning 
or end of an celipse of the moon, the eclipses of Jupiter's satel. 
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lites by the shadew af the planet, the buorting of a meteor, and 
the APPLE «er disap perance of wu shunting atar. ‘Thu «tifi- 
culty of identifving thew last montional objects and the impos- 
sibility of forvtelling their decurrence prevents the oxtonidad ise of 
this methed. 

‘Terrestrial signals may be used and among these can be 
included these sent by the electre telegraph, But when two 
stations ane ner together a sinal may be made at either or at-an 
intermediate station, which can be observed at both, the time 
may be noted at each of the stations and the difference found 
directly, These signals may be made by flashes of gunpowder, 
or the appearance aad disappearance of a strony light, or a pre- 
concerted moverment of ay object easily seen, The belbotrope 
refioctime the image of the sun from ote station bo the other with 
it ATrangement for suddenly eclipsing it, 4 4 aseful and efficient 
apparntios, 

Various truly astronomical methods have been employed with 
food results, of these may be onewtoned moonsrulminations, 
aimuths af the moon, Innar disttaners, ete, 

Coming now te the we of the electric telegraph for this pur- 
pest! the following i a rough oothine of the methods employed. 
Suppoke two stations A and G connected by wire, and provided. 
with vlucks, chronograpls and transit instruments, A list of 
slitahle fiz! stars is compiled amd each observer furnished with 
a copy. The observer at A the eastern station, acleets a star 
from his list and sets bis tramsit-instrument upon tt. Fle iv fur- 
nidhed with a key by which he can send telegraphic signala4 over 
thu Wit nod rulaat mark the cone ist his | chronograph, The 
instant he observes the star crossing the spiler line which repre- 
sents the meridian, he tape bis key, thus registering the time on 
his own chronograph and on that at station Bognd this operation 
he repenta with as mun stars as ieecsairy, Bias his inatruinent. 
set for the first star, ond when ft crosses his’ merit ines, bes tapes brie 
kev tiarking the tome on his sown chronograph and leo on A's, 
Then, disregarding tmatrumental and personal errors and the rate 
of the clock, A has a reeord of the times at which the star passed 
both merilinns: “The difference of these tines ie the difference 
of longitude sought, exeept for an error due to the time oeenpied 
In the transmission of the syrnal over the wire between the eta- 
tions, Bo aleo hos a record of the same difference of time with 
the same error affecting it in the opposite way, A meanof these 
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two differences, will be the trae difference with the error af trans- 
mission eliminated, “Phix method has the advantage of tot 
depending upon the computed pusition of the star, ‘The instru- 
mental errors may be allowed for, os wellos the rite of the 
(Hoek, ane thee personal error may be climinated by the uxchanie 
of stations, 

There ore ditvlvantages inseparable from this method, how- 
ever, especially when the meridian distance is great. A star 
observed at the first station, may be obscured by clouds. at the 
time Wf its meridian passage at the second, And the weather 
generally, at the twe stations may be cloudy, so that while stars 
eat be oheerved at intervals, vet it may hae impossible te mote thie 
meridian paxsace of the sune star at beth places on the same 
night. Then the telegraph lines are usually the property of some 
commercial company and while their use for a short time might 
be freely granted, vet a protrieted oseupation of thee ts neces 
gary Whe the meridians are distant from cach other, would prove 
aAserious hindrance to their rewalar business, 

The methed at this.time most generully omplovei, is to observe 
at each station a tmmber of stars entirely independently of the 
other, From these stare are deduced the clock errors and mites 
pen the respnitive loral times, “Then at some prearranged 
period, COmMinivation Goopened between the stations, and a eou- 
pinion Of the clock® made which shows their exact differen ot 
aomiven inetint. By applying the error to the thme as shown hy 
the clock at this instant, the exaict lodnl time at each «station is the 
result, and applying the differenoo between the clocks as shown 
hy the comparison, the required difference of longitude in readily 
obtained, 

These tiethods arigritiated, as did the eleetric telegraph, in the 
United States, and savn after Morse's invention came into prac- 
Heal uke, they were extensively denplosed liv the Covet Survey, in 
dcourmMely determining: pointe in every part of the countyy that 
contd be reached, oo putes being spared to make. the determina- 
Hens as aecurate ps posite, pon the comdetion of the firet 
ancoreful Atlantic cable in 1806, an expodition was organived 
and placed im charge of Dr, B, A. Gould, for the purpose of 
measuring the meridian distance between Greenwich ond the 
Naval Observatory at Washington. This was snecessfully car 
red out in «ptte of numerous difftealties, and the result proved 
that the determinations already made upon which the most 
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Teliance was placed were decidedly in error, The result from the 
chronometrio expedition in 1656 previously referred to differing 
over a second. af the, 

In constructing charts for dee at sen, the acourate determination 
of latitade and longitude is of the utmost impeortanse The 
navigator étarting on & vovuge must know the exact position of 
his destination a well as the location of dangers to be avoided. 
He must know the errr and rate of his chronemeter when le 
sete ont, but as the rate is not constant be should have some 
Heine of m-rating it at any place where he may step, Tf the 
longitude of this place ie well determined, the operation of 
obtainmg the error and rate is an easy one, and may eave his 
vesmel fret bis, 

Surveys, of cia or count moat have well established 
sturting points, aud while the latitude of a place is comparatively 
tasy to determine, the lonpyitude, except when the telegraphin 
mnéthod is wsied, is attended with more or loss incvertanty. 

In P6738, Commodore RH. Woyanan, 17. 5. 8. Hyd pogerapher to 
the Bureaw of Navigation, ormuinize| hy perareLssaevry cl the Navy 
Department, an expedition for the telegraphic cetermiuation of 
longitude in the West Indies and €entral America. ‘The sah. 
marine cables of the West Lidia and Panna Telegraph (eo. hid 
just been completed, extending from Key West though Havana 
and Satie ale Cul, south to JV ittatins ‘atid Aspitiwall, and eae 
through the Virgin and Windward Islands to the northeast coast 
of South Ameren, this affording admirable facilities for the seen. 
rite determtiiition of tray poiuits. Tt had long Deen known that 
the longitudes of various points in the West Lidivs and in Central 
and South Amertesa, dil aot harmenize, there having been wo 
ayaRtomATiC attempt te determine them with relation to each other 
ar ote a common base, Longitudes-in the western part of tlie 
Caribbeaw Sea depended upon the position of the Morrie tight- 
hesenit Hove, whieh tid been determined hay oeeultations, 
Further to the eaxtward, puaalt beatae deywled Hyon that of Part 
Christin at St, Thomas, ‘Mis in ite tur Aeqecmileed uyporuy the 
Cheervatory Of Major Liane in the Island of Santa Croe alkiwt 
forty miles distant. This pasation ‘deywidil upon nines 
Chservitions of moon elminwtivae am] oecultations, Aburtiniqie 
and Gradelonpe in the Windward [stages lied heen sarvewed by 
French officers who haset their positions upon longitudes derryed 
from moon culminations: Tho absolute determination of these 
sturting polit would-of course fly all paints derived drom them, 
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The U.S. Steamer Fortune wis designated by the Navy 
Depurtment for the conveyance of the expedition, and Isient. 
Commander (new Conmumuander), FY M. Green, 0. 8, N. was placed 
incharge. This offeer had given great attention ty the subject, 
Wak a proctiood observer, and exceptionally well qualitied for the 
powition, “The services of Mr, Milve Rawk, a slallful astronemer 
ind compiter whe is new ehief of the boundary survey of 
Guntimila, were obtained of principal astronomical assistant. 
The breaking out in the autumn of i873, of the trouble with 
Spin and Cuba, over the Wirginins affair, delayed the uxpedition 
nntil the next your, but in November 14874, 0 stuart wis made from 
Washington, ‘ead after a short, stay in Kingston, Jamacia, 
Aspinwall was reached early in Decumber, Mr. Hock with one set 
of instraments procemled immediately to Panama, while Lieut. 
Commander (ren remamed in Aspruwall with the other, The 
outtit foreach party consisted of -—diret, a a portable vbservatary. 
This was made of wood in sections, framework of ash, covercd 
with tongued tind grooved pine bounds, The sections were ont- 
nected when eet ugh by tron knees and holts When pocked it 
was not difficult te transport, and it could bé put up, or taken 
down in an bour When setup it was about eight feot spare, 
with door in all sides, and a shed roof, The roof was made in 
three erotions, the middle one lar inngr hint eo that it could be 
raised for observing. These observatories proved ta he wory 
strony and servicewhle They remuitoed in ise fora number of 
years with oemistonal sheht repairs, were teuneperkhl many thon 
aati miles and setup in a great numberof places in Europe, Asia, 
North and South America, They were designed by Mr.if, uA, 
Rogers, and constructed at the Washington Navy Word. Upon 
wriving ot a point where observations were to be made, aftor 
thiaining the necessary permits from the local authorities, a suit- 
able location for the observatory was the first consideration, The 
essential requirements were, a clear view of the heavens in the 
meridian, firm ground, a spot secludal enough moet to attract 
attention from inquisitive idlinm, amd proximity to the teleeraph 
olfice, or cm of the telewragh lime. Suelia spt being found and 
permission being obtamed from the owner fur ite tse, an approx. 
rite meridinn line wits latd out by Com pins, Hl the bower svt, inp 
with referenes te it. Expericnee soon showed the advisahility af 
ming certain mdditrons to thar Chaser aborny biael contenipilatiad hy 
the designer, but which added aaeh to conventendce andl somfort: 
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A foundation was made, of timbers about six inches square, mor- 
tise! tomether at the ends whith could tm placed in position and 
leveled before the cheervatery was etup, rendering this operation 
much easier and giving preater stability, A floor was laid pon 
joists supports] yy this fonmdation. Shelves were put ap at 
vhrious points, affording resting places for tools and small instru- 
ments, While a table in ote Gomer, supported the chronometer, 
and offered w convenient plioe for an assistant te recor) observa. 
tions, eto, | 

The principal instrument use| was the transit. "Those farnished 
for the use of the expedition were designed by Mr. J. A. Rogors, 
and constricted under bik supervision in the repair shop of the 
Hydrogriphie fier. The objet glasses, made by the Clarks at 
Cambrilge, were of 34 invhes clear aparatione with a fantail lemurt hy 
of thirty inches, The instenments were of the prismatic or 
“broken form in which the eve picoe i at one end of the axis, 
and the light i# reflected from the abject wlaes to the eve by¥ a 
prism placed at the junction of the telesenyw tote woth the dace, 
The obverver does not have to change the position of his ye, ne 
matter whiat the senith distance of the star be. ‘This embers 
observation mich less faticning aml comluces to aceurncy, The 
eve-picor wil furnished witli thie tistical spider Hine reticle anel ale 
with 4 filar micrunecter for the moasurement of zenith diataneus 
for latitude, A vertion! finding cirele was on the eyepiece end 
af the pxis, and the instrament was provided alse with a hortoutal 
vitvle, fourteen ditches in diameter, gniduated to fer semojds, 
Other necseary ports were the striding and sontth boleanope 
levels; and the Whinatiny lane pis, he. nile of the asi “vere 
supportial tw Veoat the rude Of a transrersay aco which om tts 
centre wis serewed to the top oof ms vertien) axis: supported ina 
ancket surmounting the taped, “This. vertical avis was slightly 
eonied! in ehape and seemrtely tithe! inte ite kovker, AC sero. 
was ec placed toilermeath, that the nvis, and with it the daseru- 
mont, could It raised slightly, when it was easly revolwed leri- 
contolly into ony desired yosition, a reverse movement of the 
aerew then lewetid the mai inte its sent, when the fhatrament 
was held firmly bythe frietion, Por supporting the inestrinivetit 
thers wus used ptfirst, a portable pier mode in the shape of the 
frustriom of a cone, of strong oak aTALVeH: firmly lend with iron 
hoops, and when setop, filled with sand orearth, Sabseqoenthy 
a bnck pier was found to he norm «table and the wooden ones 
were iscprelerd. 


on 
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Of equal importance with the transit was the Chronameter, 
The expedition was supplied with four of these made by Negus 
of New York, They were regulated to sidereal time, and 
provided with a break elreiiit ArTananenient, This TSR arf fi 
toothed wheel acting on a jewel pallet attached to alight steel 
spring. In this spring is a platinum point, which touches another 
platinun point, except when the spring is acted upon by the 
toothed wheel, These polit are connected reapoutively with 
terminals on the outside of the chronometer, and are inanlated 
from each other except at their pete af contact The eleotrie 
cirowit is complete through the chronometer except when the 
teeth of the wheel seting on the jewel pallet separate the pointe. 
The cireuit is opened for abit ska fertieal of asecond and closed 
during the rest of the time, One towth in the wheal 7 is ernittedl 
and the cirouit remains unbroken at that point, whieh is the 
beginning of cach tuinute. Each chronometer is provided with 
a condenser to take up the extra ourrent, and avoid barning the 
contact ports. The chronometers were most ixcellent instru. 
monks, the rate was generally small id very meeular, and did not 
soon to be infiuenced in any way by the passare of the current. 
They are still in wan, andl are os aioient as ewer, 

The expedition was at first provided with a substitute for the 
clon grapli ni the Hbiay He ef thee oll fashioned Morse telegraph 
register. In this a steel point oo stylet war pinesed hy the action 
ofan deetremagne avsinst a ling filet of paper, unwound by 
clock-work at o rite more oor less regular, This magnet wie in 
circuit with the chronometer and with a break circuit key in the 
ohservers band. <As long asthe wloctric eiecult wik elosed the 
stylet minds & vontingods indented straight Tne an the paper: lot 
1 SOOT we i wre broken. cither hw the chronometer or the 
observers key, the stylet flow back and feft the paper womearkod 
inti] the cirenit was again closed, The wffeet of the action of the 
chramometer was te graduate the fillot of paper inte wo series: of 
strait mlintutions, fram ote te two toches im length, separated 
hy unmarked spaces from fy te 4 tel indength, When the key 
was preetix? an independent cliar space was lft on the paper, 
and bw the relation in distanne between the lw uniting af thin 
splice tind the booming of the second syies tormedintely preced- 
ny and following, the time iof pressing the key whe cletermined. 
The omission of the biwak at the sixtieth sewond, inde the mark 
of donble length, and henee the beginning of the minute wus 
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easily recognized, ‘These instruments served their purpose very 
well, but had several disadvantages. The rate of movement of 
the paper was not regular; when the clock-work was fret wound 
up the motion was rapid and the second spaces long, and a the 
époing ran down the marks became shorter and shorter, Another 
drawback was the great length of the fillet; with spaces only an 
inth in length, it required five feet of paper to record a minute 
In time, amd after a night's observation, there would be several 
hundred feet to examine, measure and record, oecupying the 
erenter part of the following day, By stepping the instrument 
between the observations somethine was wained in this reapoot, 
bat this tevded somewhat to copfosion and error in kowping the 
record, They were only used for ane season's work, and m their 
sted were procured two evlinder chrénogrphe, made by Bond 
of Boston, These were fine ineatruments, but somewhat too 
delicate to stand the necessary transportation, In these instru- 
ments a8 in most other chronosraphis, a novlinder showt sm inches 
in diameter is made to revolve by dlock-work once in a minute, 
An electrosanagiet mounted on a carriage actuated by the same 
élock-work moves aluwevide the evlindar, in a direct iat parallel 
with tts ax, at the rate of about an elvhth of an inel ina mimite, 
The armature of the magnet carries tttoched to it a pom, the point 
of which rest npona sheet of the paper wrapped around the 
ovlinder, While the circuit through the ovila of the magnet is 
ciinplete, the pon makes a costinonous spiral Tine wpom the paper, 
hut when the iremt is broken by the chronometer, or Key, tt thes 
to one wide making an offset, and tnmedliately returns to its 
pesition, as soon as the eireort is again closed, “Phe result ts te 
riudiate the whole <inlace of the paper inte second spaces, from 
Which the alnervations can be rend off with the greatest case, 

For supplying the electrie current, there was used at first, a 
moditication of the Smee battery, but thi< proving very dnoeertain 
In strength, a gravity battery wos substituted, and afterwards a 
nitinber of LeClanehd cells were, procul, 

Upon the first expedition, no telegraph instruments were ¢ar- 
ned, but the ww of such os were needed, was casily obtamed from 
the telegriph companies, The line between Aspinwall and 
Panama was in good condition and no trouble was experieneed in 
exchanging the time signals by which was effected the compari- 
con of the chronometers, Wires were atrétehed from the observa- 
tories in each place to the respective telegraph offiews, and for 
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the exchange of sionals were connected directly to the ends. of 
the Titi. 

Everything being ready, the routine of the work waa ns ful- 
lows :-—The transit’ being wirefully leveled was placed in the 
meridian by observation of xenith and cirenmpolar stirs. Fram 
ax to ten tome stars, and two or thre: arewnpelars were thorn 
obperved, the iistrament was reversed in the ¥s and nearby the 
ame number of stars observed in the new position, At som 
time agreed upon, generalty when the regular work of the tele- 
graph line was over for the day, the wires were Connected up and 
one of the operators came to the obaervatery ti assist in holding 
cemmimnication By a shiple arrhingement of relays, in the line 
and chronograph cirouits the thronometer ot one stntion ‘was 
Made to register its seeqh) bent on the chronograph at the othe: 
Which was all the time heing graduated into second spaces hy its 
own chronometer, This wos done for about five minutes and the 
times of heginning and omiing noted. Thien the couneetions 
were reversed and beth chronemeters allowed to beat for fipe 
Eruirkities cant tlie chraneserayh at Chie first titi. 

Thik metho! of exchanging <imals was only practicable on 
land fines or very short cables, ‘The ordinary relay aed on a 
lond line royuires o strong current to work it, anil would put ie 
affouted in the Idaet ty the delete impulse. wont over n long calle, 
conoquenthy when the expedition came to compare chronotnetets 
over the (00miles of cuble between Aspinwall and Kingston, it 
Wee nteaary to wee another method. Ad that tim the matrn- 
mont jo penne) ose on submarioe cable lines was whot i known 
as Thompecn’s mitrorcalyancmeter, It consists of a coil of very 
fite insulted wire wound with great ear ona spool or bolibin of 
Vilewnite, abeat thras iaches in dinneter dol 1b thes think, 
Ina belt in the eontee of the spool de mude te slide a suiall tule, 
a0 thet the wml of the tule will be im the contre of the eotl In 
Lh ated of the tile os tnnted ooanuill mittor wine ina vertionl 
pesition ona single wright fhreof silk. Horizontally aercss the 
hack of this mirror ts secured 4 sil] permanent magnet, in length 
about the diametor of the minor or show, one-eighth te one- 
quarter of auch, “Phe mirror and) magnet together weigh only 
one ortwogermins, When an electric corrent is sent through this 
“on it deflate the magnet aid witha the morrer to the right or 
left. “The appdiratue is exceedingly seaisitive so that if te infin 
enced hy very feeble encrenta. Communication has been main- 
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tained with an instrument of this kind over the Atlantic cables, 
by the current proceeding from a battery compedsed of a single 
copper percussion cap with a small scrap of zine and a drop of 
acidulated water, The use of the mirror is to make visihle the 
movements of the magnet, The coil i mounted upon a standard 
eons to be about eight inches above the table, At the distance of 
eighteen inches or twe foot is placed a lamp, Thos a sorronmled 
by a seroon which cote off all the Hyrht, except that which posses 
through «a tube directed towards the mirror, Lenses in the table 
foons the light oon the mirror and thence it-ts reflected to a-vertion! 
white surface, a sheet of jmper for instance, at a suitable distance 
nid appears as o amall and brilliant «pot, Acmovement of the 
magret enases a horizontal detleotion of this SpMrL bo tha right or 
left depending apon the direction of the ourrent passing through 
the vol, As these movements cin be produced at will by means 
of the key at the sending station, it is only herekenry to apply to 
them the dots and dashes of the Morse alphabet, to have a very 
rely and perfeet means of commanication, Tu the oninitiated 
dyotitor the facility with which the pricticed operatur translates 
these ayiparently meaningless moverncits is remarkable Tf the 
cable is long and notin good condition the stenals are sometimes 
aimort imperceptible, while any slight jar of the table or appa 
ratus will proaduew po large and irregular effect. Earth currents 
ales will cause vibrations hand to distinguish from the signals, and 
if, a4 sometinies happens, the battery i connected in the wrang 
way, the signals will Thy reversed. Lo spite of these drawbacks 
the skillful operator reads off the memage an) carehy makes an 
error, “This instrument ix still in wee on some of the cable lings, 
but oon most of them it has been replaced by a recording inatro- 
miunt, aise the invention of Sir Won. Thompson, whieh ts almost 
as sonsitive, and of whieh Twill speak laterion, ‘The key weed in 
connection with theme instromonts, both the mirror and recorder, 
i arranged with two lowers, so. connected that pressing one of 
them canses a current to be sent over the line m one direction, 
while the other sends it in the opposite. 

The method adopted tor comparing chrononeters bye meus of 
these instruments wax as fellows :—Everything being ready for 
the exchange of signals, the observer ot one station seated him: 
eli, where liv could see the face of the chronometer, with his 
hand on the cable key. At ten seconds befor: the beginning of 
a minute as shown by the seoond hand, he pressed his key aoveral 
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times In quick succession, thos sending a series of impulses 
through the line, which appeared at the other end as a rapid 
movement of the light to and fro. This was a warning signal, 
and the ohwerver at the sccond statlon with his eye on the light, 
tapped his chronograph key in the same way making « series of 
marks, Which indimited the beginning of the comparison, The 
first ibeerver exactly at the sixtioth second by his chronometer 
pressed his key quickly and firmly and repeated this operation at 
every fifth second for one minute. ‘Tho sveond observer tapped 
his key promptly as socom ae he saw the light move; thas register: 
ing the time on his chronograph. The minute at whieh the first 
Aimal was sent, was then telegraphed, and repeated back, to 
Insite! against error, and the eperation was repeated until sixty- 
five signals hid been sent from one atution and recerved at the 
other, “Flen the second observer sent the same timber of sig- 
nals to the ditt ity precisely the same manner, tha giving sixty- 
five comparisons of the chranometers in eneh ditection, The 
results dlorived from this inethod wv affected by errors from two 
caies, Cine te the personal error of the observers in sending 
and receiving signals and the other the tite conned by the 
eleetrie impulse in traveling ever the fine and through the instru 
montis, Ef the same strength of battery is used at cach station, 
ood the resistance of the imetruments is the some, the errors aris- 
im from this latter smree will be eliminated by the double 
Wenge. Vhe observer sending the sivnala kept his eve on the 
chronometer amd counted the second heath by both eve and ¢ 
moving the had whiteh he lad on dhe key linet y in bnirisen with 
the beats, wml could this he store of pressing the key ot the proper 
time within o very small fraction of an second, At the other ond 
of the line; constlernble tine is lost after the actual movement of 
the fieit before the observer can pres his chronograph key, and 
the principal error affeeting the result m= the difference of this 
tite in the twe olmervers, which was found to be very small, 

As [Dhave sail, the cable was first used in the measurement 
between Kingston and Aspinwall, Dient. Commander Green 
ocenpy ine the former stutton, aod Mr, Roek the latter, After 
the siewes=fol eomypletion of this link, deaurenients were pole 
from Sautiage de Cul to Kingston, aod te Havens, Tt woe the 
intention te tmensire from this toet point to Key West, bot about 
this thie vellow fevor broke out Chere maid the expadition wits 
onilieril hy the Seeretary of the Navy bo return, ‘The Fortune 
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arrived at Washington wm April, 1875, and the time until 
November was spent in working up the winter's observations, 
Speaking in a general way this work is as follows :—From obser- 
vations extending over many years, the exact positiowy m the 
heavens of a large number of fived stars have been found, so that 
their times of passing any meridian canbe computed with grept 
acenracy, The transit lostroment ts furnished with an eyepiece 
containing a rinmber of parallol tines usually made of spider silk, 
These are placed in the foous of the tnmatroment, and it is set in 
jiokition, so that the middle lime of the group is im the plane of 
the meridian, The observer provides himeclf with a list of 
desirable stars, aod setting his instrament on those he may choose, 
recorls the time at which they pass each of the spider lines, by 
tapping his chronograph key. Tf there were ony Instrunvental 
errors to be dissovered and allowed for, if the stars place were 
known aheslitely, and the shaeever had ne personal eqirtion, 
then it wonkd be only necessary in onder to find the error of the 
clogk, to observe one star ipmon the middle Toe of the retiele. 
The diffurenee of the clock time of transit and the real time os 
ready known, would be the clock error and ou further trouble 
would be required: But as cone of they conditions are fulfilled, 
it is neeesary te multiply observations in order to eliminate aect-. 
dental errors, and to obtain instramental corrections which may 
be applied so a8 te get the ont probable result. Accidental 
errors af eyesight and perception are early eliminated by taking 
the star's transit over several lines instead of one anil using the 
mean, Some al the instrumental errors are from the following 
causes, Tf the pivots which support the telescope are unequal in 
aie the axis of the tube will be thrarn. to: ony side or the other 
of the meridian, and the ster will be observed) etther before or 
after it crowses. The weight of all transit instrnments cans a 
flexure of the honsontal axia and this effect is at its maximum in 
thoae of the priarat ie puittern, The spider lithes Traut be adjusted, 
ao that the middle one is exactly in the axis of the tube, or as this 
can seldan be done the resulting error, called the collimation, must 
be found, The bhoritontal axis of the instrument must be as 
niwirly level as possible, and the error in this reapect must be 
found by frequent applications of a delicate spirit level. Finally 
the instrument must be directed a« nearly as possible to the narth 
and aouth points of the horton, and h correction must be made far 
any ¢rror in thin respowt, The result of each of these errors 14 to 
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tiie thé star's transit to be recorded too early or toy Inte, and to 
get the true resilt ther must all ie Sound and applied with their 
proper sins. “The iusyualitey of pivots and the fleaune correction 
are found by dehoote mussurement and observations, when the 
instrument is first owed, and are reeorded je constants to be applied 
thal] silemyuent werk. The lewel tubes are oradunted and the 
Willie of their divisions obtained in angolar measure, ‘The eollima- 
tien error i fom by observing stars wear the zenith in one 
postion of the mstrament and then reversing tavl observing 
others, or by taking the transit of a slow: moving star over w 
portion of the spider tines then reversing amd observing the same 
intervals in the opposite order. The error of aximuth, or devia- 
Hen from the nurth and south lite, is found by comparing the 
olvervations of stars whose aenith distances differ considerably, 
These corrections all being found and applied to the observation 
of wach star, the result is the correct tinve of transit. as shown bry the 
chronimoter, atid the differonee between thet tine and the true 
tine, is the error of the chronometer, A mean of the oldervations 
af seweru) stars on the simd might, gives a very accurate value for 
this clock error, and by comparing the results of several nights’ 
work, the rate i¢ found. Hy applying the rate to the clock error 
it 1s reduced to any require! epoch, as for instance, the menn 
time of the exchange of time signals, andl the difference of longi- 
tude is casily found. As may he imagined the computation send 
application of all theae errors, exercising: the griitest care to 
insure avcumey oa leng pnd tedigus process, The operstions 
(esoribed oive a very cluse resalt, but in order to orrive at the 
grentiat aecurey obtainable thy computations are made again by 
thet methiad af leant aes 

In the Autom of 187, the expedition again tuk the field, 
this time in the side wheel steamer Gottysborge, which was much 
better adapted te the work than the Fortune, The firet link 
meastiryil was between Key Weet and Havana, Rey West had 
alreiuidyy bien telegraphivally determin! by the Coast Survey, and 
now afforded a base for the system of IA TETETITS completed 
and fur thow to follow. ‘The next measurement, was between 
Ringston and St, Thomas, Then from the latter place to Anti- 
fun ain to Port Spam, Triniind. From Port Spain, mensure- 
ments were made to Burbadoes and Martinijue, The position st 
St, Thomas was then ro-oceupied, and measurements made thence 
to San Joan, Porte Kies, and to Santa Cros; This ended the 


Tehanaphic Heterminationa apr Lendgituedle, 1a 


work in the Wat Indite, differences of longitude having been 
measired between nearly all the important points connected by 
telegraph, The Latitude of all tle stations, was alan leternisined 
by the genith telescope taethod, aml the position of the stations 
was teferoyl wither to the ohservation spot previonsly used, when 
that could be identified, or te sone prominent Lindmark. 
Bepreen St. Thonins and Sante Cruz, the measurement wie made 
twiee, the observers oxchanging stations at the completion of the 
first series of ohwrvations. “This wos to eliminate the eifeet of 
their personal errors, and to obtain a valne-of these, whieh might 
hee applied te the other measurements, Tt line lenge been known 
that different people porcelye tlhe same phencmenon at different 
thies, varying with different indivicnals, but reatorably ameter, 
with the same infivedual, In the particular case of ohseryi ine the 
transit of a star, mest poople will reeord it on a chronograph from 
one toe three tenths of a second after it happens. In the method 
af observing by owe and ear the error is Penerally much greater, 
The whole question of personal equation, however, <a mixed one 
and Twill net attempt te wdivenss i, bot will only give some of 
the resnlts obtained in this partioular work. Tn lougitude Tenia 
iircments the error from this ranse is half the difference of the 
perecnal aquation of the twi observers TF this difference 
remains! constant, then it would be ease te find itonce for all, 
tod apply tt to all moakutenwnts made by the same olververs. 
In the West India work, it was assumed that it did remain eon- 
Btint, mad half the difference berwoen the two toensarements 
made from St. Thomas to Santa Crux, was appliod te all the other 
links, ‘The corroction wae ijuite small, bot only ooss. Ta 
subsequent work by the same and other observers it was doomed 
wiser not to apply any corrections at all, wother than one that 
wis probably not exact, and might be moch in error, To show 
the fuetuations te whieh tis elusive quantity is sitbject, | will cite 
the roauhiaod seme observations made to determine it, liv mea rere 
engaged in this same work at a subwequent period, Ln April wd 
May, 1680, at Galveston, Toxas, two oheervers D. anid N. having 
just comploted. a telegraphic measurement between that place and 
Vor Croz, Mexico, made aome observations for the determination 
of their relative porsoial equation, by observing transits of alter- 
note stare under the same conditions as near as pinsstblo. Thoth 
need the same instruments, transit, chronometer and chrono 
graph. On April 30, two sets of observations were made, show- 
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ing the difference of the ejtitions to be uot On May l, one 
set gave (8, nid another 0820. On May 2, only one set was 
Mle rivie O ai, vation of O07 intwodays. In June 1884, 
ono vier later, another series of observations of the same character 
was made at the Naval Observatory in Washington, and on the 
atime fights the personal equation machine invented by Prof. 
Enstman, was ueod as a comparson, This is an instrument in 
which an artificial star isimade tocrecord itt own tronsit over the 
wires af a reticle, while the ohaerwer reorde thie earned with 4 chyra- 
nograph key. The difference is manifestly the personal error of 
the observer, This gives the abselute equation of the obeervers, 
ntl their difference is the relative equation, pod should aooord with 
that found by the method of altertinte star. Some of the results 
were os follows :—On June 4, the difference by machine of thetr 
personal errors wae '.16 and by star observations 0.24, onthe 1th 
of Jane the machine gave 0.10 and the stars, 0.24, on the téth, 
machine 0.124, stars, (00, avery close agreement, on the 17th, ma- 
chit gave O07 and stare". The observer N, combined with 
another, C., who had oot had as much experience in olwerving, 
gave atill more diseordant retntts, On June 20, the machine gave 
nm ther relative equation, (is, while star Gleervation=s gave 027, 
on June 25) machine O18, star O°1, and on Jone 28, machine, 
O90, stars 0.35. In the cme of the frst two observers a mean 
of the determinations amounting to about 6.20 might have been 
applied to the measurements nde by them, but as theae wore 
made nider all oonditions of climate, ty latitudes varyme from 
40° N. te #0° 8S. and in different states of health and bodily com- 
fort, it was concluded not toe Introduce any correction at all rather 
than ene that might be consilerably in error. lin all of the work 
it hos been the custom as far os possible te place the ohservers 
altemately muatoind west of each other, so that the result of 
personal error in one measurement is neutriliged to a greater or 
lees extent in the nest, OF courte the method of exchanging 
stations And making two meniaremeits of mich meridian dintiania 
would afford the best solution of this problem, but except in 
certain favorable conditions, thia is precluded by considerations 
of time and expense In the measurement between Galveston 
and Vora Urax mentioned above, it had been the intention to 
exchange stations, but by the tome the first measurement was 
finished the season was rather far advanced, there was danger of 
yellow fever in Vera Cruz and an observer going there at that 
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time, if he eseapil distase would Love bad the certainty of being 
quarantined from entering the Wnited States for three weeks or 
iomeanth after leaving Mexici, 

Upon the completion of the West Indian work, and the puble- 
cation in }a77, of the results, it wae determined by the Buran of 
Navigation to send an Expedition for the same purpose to the 
vast coast of South America, Cables wore in tae extending from 
Para in nerthern Brasil te Hovnos Ayres to the Argentine Re- 
public, Acewble had at one tine connected this system with the 
West Indies, through British Guiana and Trintded, but one of 
the Tinke was broken ond there was ne prospect of its repabr, 
otherwise the Station extablivhed at Trinidad in [874 might have 
teen token os the starting point. There wie (tree? communion 
dn however between England and Brasil, by the way of Port 
gal, and the Madeira and Cape dle Vorde Islands,  Lishon seemed 
too afferd the moay convenient piace te start from, teat tte lenmgi- 
tude had never boon determined by telegraph and it was-cdeemled to 
request the French Burean of Longituder to cotpernte by making 
this measurement From Paris, “This request was readily granted, 
but for seme reason the agreement was not kept, Por thir usa af 
the Expedition the old fashioned sailing ship word was fur 
ished and Licut Com. Green wae given command. Mr Hawk 
being otherwise oniplovwl hia place wae taken by Liewt. Com, 
(now Comimunnder) C. 1 Dvavis, 8.8. The tastraments hav 
lio hewn plac in good order, and new supplios furmehed where 
neemssary, the expedition sailed from New York for Lisbon in the 
latter part af Ooetoher, 1877. “The Grand was a slow sailer, 
the weather was rough and the wind generally ahead, conse- 
quently a menth was consutied it making thi passage, It was 
the intention te make the first measurement between Lishon and 
Funchal, Madeira, Lient, Com, Davie with party and inetra- 
ments Geeipied the latter station, proceeding by mall steamer at 
the first oppertanievn, The cable from England does not land 
direotly at Lisbon, but of a amall town culled Carcavellas on the 
eotst about twelve oles from the city. Asat wae not practicable 
te connect the land tine from Lishon chrreect te the cable, it was 
necessary in making the exchange of surnals to adept snother 
method, er rather combination of mothods, An officer of the 
chip was sent to Carcavellos, farnished with a chronometer and 
ehronogmph, When the time came for exchanging signals, he 
first compared his chronometer with that at Lisbon, by the auto- 
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matic method, in ude on lond lines, then with the Funchal chre- 
notdter over the enable ising the mirror galvanometer, Finally a 
decid automate companson was inne with Lisbon. Fram the 
dom formished toy these compariscnms Tt wes ty Hey matter to comm 
pute the difference between the ochroncmeters at Lishon send 
Funchal, The Lishon party had been received with great 
courtesy by the dinector of the Royal Qheervatory, Capt. (hom of 
the Porturuess Savy, and had been giver the use of -a small 
detachal observatury near the main building. The party at 
Funchal. selected a site an the tumparte of an old fort, which 
ifforded o clear view and was near the landing place of the calle, 
Here Gectrrred an seotdent to the transit instrument, which fortu. 
nately wits vastly renmiediod.  Neviar the htvinning of the observa- 
tions on the first night the wind, which whe blowitig almuist a 
wale, fifted a part of the roof off the observatory, and dropped 
one wetion of it inside. The transit was knocked off the pior, 
and was at frst thoaght ty ty mach injured. Fortunately the 
precantion had been taken to bring slong «a couple of spare instru 
ments, borrowed from the Transit of Venus Commission for ase 
itt was af wueli an acihdert, The Funelial party wan provided 
with one of these, whieh was set ap for use by the next niehe, 
and the injured one was sent to Lisbon fur repairs The injury 
proved to be lew than supposed and the repairing was an esy 
motter. Upon the ompletion of this meisurement the Lisbon 
party proceeded to St. Vineent one of the Cape de Vorile 
Istonds, This is a barren ond desolate spot of voleanie forma- 
tion, but betngoon the route of steamers from Buroge to Africa 
and South America is of mach importance 44 a coaling station. 
Measurements were made from this point to Funchal and to Por- 
namboues in rail, and the (roared then sated for Beto Janeiro. 
Upon arriving at that point oafter a long pavsape, it wie found 
that the cable between Rio ond Pernambien was broken, and 
there heing no immediute prospect of ite being repaired, the Por: 
neato Line party was orders] by mail steamer to Rio, and thenee 
to Mimtevideo, A measurement wae mide between Rio and 
Montevideo and then between the latter plaice and Buetoa Ayres, 
Lient, Com, Green occupying the Montevideo station for that pur 
pme. The position of the oheervatory at Buence Ayres was 
referred to that occupied by Dr, BL A. Gould, Director of the 
Argentine National Observatory, in a similar measnrement a short 
time before between that place and Corowa, 
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Both parties now returned to Rio, only to find that the oable 
whe atill broken. In order to be ready for work as soon as 1 
should tw repaired, Lieut. Com, Green proceeded to Bahia with 
the ship and established a station there, Lieut. Com. Davis with 
his purty remaining in Rio. After wating: a month, and there 
tll seeming to be no prospect of the repair of the cable, the 
expedition finally sailed for home, arriving at Norfolk, Va., after 
a pleasant ond uneventful voyage of forty-five. days. Repairs te 
the cable were not completed anti séveral months afterward. Tn 
May of the next year, the party war again sent out, to complete 
the measurement on the Brasdion Coast, and also to mensure [rem 
Greenwich to Lishon, the French Buorean of Loagttudes having 
failed to curry oul ite promise to measure from Paris. There 
lieing noship aynilable for the purpese the traveling was done by 
mail ¢teamer, Upon arrival in England, an interview was had 
with the Astronomer Royal, whe readily agreed to assist in the 
work. Lieut. Com. Green aoe retin gel y ist hliahed his observatery 
at the landing place oof the calle at Portheurnow in Cornwall, 
and Tavut, Com. Davis proceeded to Lishon and oomipiod the 
station taal there the year before, Orme to the fogoy and 
rainy weather prevalent in England at that season, 1m wae found 
impiseihle to make amy aatronomionl obaervations: at the Porth- 
comew observatory, The work was therefore done in this way; 
Observations were made at Greenwich andl at Lishen, and Porth- 
eomow and Carcavellos were used as transmitting stations. The 
chronometer at Portheurngw was compared automatically with 
the wlock at Greenwich, pod lw tHhle with the elironometer at 
Careavellus, The latter was cairpuired sud terrane ian by with that at 
Lishon, before ond after the cable exchange, At this time there 
were mide at Carcuvillos, some experiments’ with a.view to mak- 
ing the receipt of the tine sumals over the cable autonmtic, this 
doing away with the person equation of th recerver, The 
matroment: in use for the regular busmess of the cable was wheat 
is known as the siphon reeorder, alen the invention of Sir: Wn, 
Thompson. In this a eimall coil of fine wire is siispended by a 
fibre of silk, hetween the poled of a powerful permanent magnet, 
The eurrente from the cable poss through this eo) and the wetion 
ia te deflect it te the ryt or left, just as the mirror is deflected 
in the instrument already described, Attached to this coil isa 
siphon made of a capillary glam tube, One end of the siphon 
dips inte a feeervoir of aniline ink, and the other hangs imunedi- 





ot Votional Geographic Megson, 


ately over the centre of a fillet of paper, which & unwound by 
clockwork. If the siphon touched the pager, the feeble curnmnts 
sent throdph the cable woukl Ine powerless to mave i, on account 
af the Crietion, and in order to pra&luce a mark some mitis mast, 
tw found of forcing the ink through the capillary tate. This is 
acer ennn feline, hy oleckrif ving the ink positively cml the paper 
negatively, by means of a small inductive machine; driven by an 
electric motor, The effort of the two electricitive to nite, forces 
the ink through the tube and it appears ou the paper ae a eneces- 
siomof emall dots, When the paper isin motion and the eoll at 
rest, @ straight line i« formed along the middle of the filler by 
they dots, let as one ae a current is sent through the cou the 
ebgubvrts aves toe the right of left making an offset to this line, 
Thea offsets on one side or the other are used as the dote and 
dashes of the Moree alphabet. A time signal «ent over the enble 
while this inetroment was in circuit, apperred ax a single offset on 
the paper, and it was only necessary to graduate the paper inte 
ceconds Kpaices by the focal chronometer, in onler to have the 
sotomatie record required, ‘The ordinary chronometer eiroutt 
could net be pot throach the si) direvtly, aim bt wetalid then 
charge the cable anlinterfere with the signals, arid besides, the cur- 
rent, ntilees le the introduction of a high resitance it was reduced 
itt ettength, would infallibly give such a violent motion té the 
coil a« to break the siphon, if it did ne other damage. The result 
was obtained in this way ; on ordinary telegraph relay wae put in 
the chronometer cirenit and the arhatare of course moved with 
the beats, ‘To this armature was fastened one end of p fine 
thread. The other end was attached too slender preve of elastic 
brass whieh wae fixed ot one ond te the framework supporting 
the paper, in such a way that the other end tewelind the metallic 
vee] holding the ink, exeept when the thread was drawn tight 
enough to pull it away. Thiv the armature of the relay did 
while the ciremt. throagh the chronometer was complete, bot os 
soon ae it was broken at the begiuning of o second, the tension of 
the thread was relaxed and the brass sprang back against the 
ink well, allowing the positive and negative clectricitivs to unite 
ittlependently of the siphon. ‘The ink then ceased to flow, until 
the «pring was drawn away, thos leaving a small blank space in 
the linw of dota and forming a very good chronographic record. 
This was linble to os small error due to the length of time that 
elapsed between the release of the spring by the armature and its 
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impact on the ink well, Twi there been time for more oxtensive 
experiment this ditheulty might have been overcome, hr if the 
came method had been adopted at both stations, the reenit would 
have been affected by only the differmnes between the times of 
movement of the brass spring which would have been minute. 
Lack of time for experiment, and the fact that the observers were 
averse to introducing tntested methiwls into a chain of measure 
ments most of the links of which were already eompleted, 
prevented ony use being mode of thie achievement, “The mins 
urement betwien Greeiwieh tad Lisbon heing satisfactory 
cuinpleted. TLivet. Com Groon by order of the Nave Depart. 
ment retumed to the (Wnited States, and the links betwen Kin 
aid Pernambuco and between the latter place and Para, were 
meamred by Lient. Com. Davis and the writer, completing the 
work of the expedition, after which the purty roturmmd te 
Washinton, 

The computation of this work, showel the <omewhat sarprising 
fact that the heretofore accepted position in longitude of Lishon,. 
differed from the trae one be about tweniles, The longitude of 
Rie. Jarvieo bool alwites brn triere or les itt chowbit, Vierhins deter 
mintions bad differ by pe noch as oie miles; Wot tlhe picsttion 
finally decided upon bythe test aotherittes agreed wery closely 
with that obtained by telegrapli, 

The neat expalition was seot out by the Burean of Navigation 
to China, Jopan and the Bast Indies, Lient, Com, Green boing 
still ineharge. "Phe officers composing the purty said from San 
F'rcurmesisasdy, by) rth), steer at April, baat, for VYokohwoa, wliete 
they joined the US. Steamer Palos, From Hong Kong serth to 
Vindivestok jn Mastern Siberia the cables were owied by 
Danish compauay., Prom Hong Rong to the south and west they 
wore the property of Bnyglish compan. Begining at Vluli- 
vostok observations were monte at all stations ot the Astatic 
const except Penang, ae foros Madras, odin. fe was intended to 
try gid tnke some mee oof the automatic method af reserving 
time sivas, on this work, but on arriving in Japan it was foun 
that the recording metraument ased by the Danish company was 
eutirely different from tat used by the English lines, ft ect 
sixth of a series of cleetromagnets aching on a single armature, 
whith «arricdd 1 eigalacone tunailes of aifver. “he signi ediniaieted of 
long and shert movermnats, tolane side of the middle line, instead 
of wypial detections on oth sides as in the Thomann moorder 


pa Wational (reo paphve Mugazine, 


An attempt was mide to convert this instrument into a telay, by 
causing the siphon to make ond break a cirentt, but it was not 
sucoesefal. The movements of the siphon wer not regular 
enough, and the contact was not firm, Consequently the mourror 
method of exchanging signals was still adhered to, 

The longitude of the position eceupied in Vladivostok, had 
been determined telegraphically from Polkowa, by the Russians, 
using the land lines seross Siberia, ‘The English had also deter- 
mined the position at Madras, using the enbles through the Medi- 
terranean and Red Seas, The work of the United States 
Expedition joined these two positions, completing o chain. of 
meiirements extending over many thousand miles; made by 
observers of different nationalities in variows elomates: bt wns te 
he expected that considerable diserepaney would be found tm the 
final result, bet taking the longirade of Vladivostok as brought 
from Madras, and compannge tt with that determined by the 
Russians, the difference was inty 0.30. Taking everythmg inte 
consideration, this Teailt wis gratifyingly lowe: Upon the oon 
listen af this series of determinations, the connerthon of Liewt. 
Commander Green with the work-was severed, he receiving his 
promotion to the rook of Commander. 

The text work wos under the charge of Liven Com, Davis. anil 
cintetid in the determination in Tkes-s4, of positions in Mexia, 
Central Ameria and the weet coast of South America, Cubles 
liad just been completed, extending foun Galveston, Texas; to 
Verw ©Orug, thenee across Mexico to the Puethe ond sdewn that 
coast) to Lama, Pera, where connection was made with another 
aveatern exteniing ta Valparaive. Galveston wae sn pomt detur- 
eine) Low thie Corndust Survey, od the mepaircment thenee to Vera 
Crue wie the first one gh Tt wee ecorpleted in May "a, anid 
in the Autom of the sume year the party procemded to the South 
American const, and stutions were established otic observations 
tide nt various points fri Valparcise to Banana, and at one 
point, Le Libertad, mo Central Avert, Lt waxeat fret the inten 
tion to exteniithe series oornss the Dstt of Tehoantepec and 
conned!) with Vera Craz, but lack af time prevented this, and gs 
the station at Ponumsa dotermined nearly ton pears before, afforded 
aconpentent starting point, the tlea was abaudened, Pron Val- 
Prien, a ineikurement wae tude with the qodperntion, of Dr, 
Gould to his vhervatory at Cordova, thing the line autos the 
Anes, and vachonging signals automativally, These measure 
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ments constituted the final links in along chain, extending from 
the prom meridian Greenwich across the Atlantic to the United 
States, thence vin the West Indies to Panama, down the: weat 
eonst of South Ameries to Vialparatca, weross the Andes to Cordova. 
and Boenos Ayres, up the oust coast to Pernambueo; sero the 
Atlontie te Lishon, anc thence to (sreenwich, altogether a distance 
of vighteen te twenty thousind mile The two longitudes of 
Cordova, as brought from Greenwich by the two routes, diffensd 
frum each other by only o*.045, 4 result which speaks well for the 
accimey Of the methods employed. When preparations were 
berg tade for this expudition, it was determined to sceomplish 
if yrassilole wimething in the way of getting rid of the perstmal 
equation tn exchanging signals. An idea which had been sng- 

gested) by work dene bw Major Campbell, Ri E, in the measure- 
Tent betwoon Bombay and Aden, seamed to promise well, Tt 
was to be used with the siphon or other form of recorder, ‘The 
endinaty doulle current cable kev with two levers, was arranged 
with an sedditional lever in such aanuuner that while in rainy 
waein the telegraph office, it rould also be pot ineireult with the 
chronometer ual chronograph in the observatory, ani a signal 
BCL throuvh the cable would hove its tin of sending registered 
an the olronograph, Otntinerily in speaking over a vable Tine, 
connection is nine In such away that the carniit scot doves: pot 
pase throwrh the recemler at the semling- station, asa vielent 
movement of the siphon would result, By means of ashunt, how- 
eFer, It i possible te vontrol this Tew eet Sonrmenw buat, SSDP Hae - 
now, That the eonnoections at nach station aro ode m-such a way, 
by teins af this kev corel the adiucnt, thier signal sent From ane, 

in regenera cn bot h nacrders anl ony, the shae “e's ehinorogeragh. 

The olservers leaving their assistuit= tu toke eure af the chrone- 

ripe, ono ta the respi tye Lie luyera pols uflicw=. goed oll Hisiay a renuily, 

the observer A topes fis Kew, ‘This semis an tropitise thromol the 
cable, which appar on A's recorder, asa violent Jump or kick of 
the siphon On Es recorder ip is registered asa deflection like 
the ordinary: dot or dash, at the same jeatant ix peered om As 
chronograph the trmecof sending. As soon os D sews the sonl 
on his reeorder, he tape his key alse registering: the signals on 
both recorders andl on his chronograph. Ay seeing H's sipnal agam 
tape his key, aol won, ae liner ae sleet. ‘We result ix that 
cach observer has a cecord ow lin siplen Hlet of all sicnalh sat 
and received, while the tres of those be sent are reeorded on 
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his chroneeraph, Bwethe ose of the dingonal seale ond the Hule 
of Three, he can without ditteulty find the times of the signals 
received. The siphon recorders are well mide, and the paper 
moves with creat teoularity., “This syste was used In the meat 
urement between Galveston aml Vera Craez with great sume 
Tt was intended to employ the sume method throuzhout the 
meusprement on the weet coast of Amerioa, bat oon arriving: at 
Lima, it was found that the company ownimge the lines south of 
that point still ised the mirror galvanometer, and it was of course 
novessary te retour tothe ald method. "The improved key was 
nd however, which eliminated the error in sending signals, 
After this work was comipléted ond the reanlts published in 
1e86, nothing was don in this line by the Bureau of Navigation 
for some veorm, Upon the return of the writer in the spring of 
1a8s, froma oruise in the South Pacitir, ie found that the sobjoct 
of sending an expedition to complete the measurements in Mexico 
and Cente) America was onder consideration in the Bureau of 
Navigation and the Hyidrograyehic affien. It wile finally decitled 
that the work whonkd be done, tied the write r Wwiks jrlweneh in hikers, 
The instruments were lrought ent of their retirement, amd hy 
the ald of the Hydrogriphin (tfiee o very complete outit wos 
furnished, aml in November of last veara start woa mode from 
New York, the expedition perindcenew brag lew til stemmer to Vor 
Cruz Hore the spot ovonpied by Lieut. Com. Dhvis i “88 was 
fonnl, his traneit pier, which was sill standing was repaired, und 
instrument mounted, Liewt Charies Laid, UL &. N., whe had 
been identified with the lonuttude work sinew the China oxpude 
tion in (881, was left in charge of the observatory at Vern (riz, 
and the writer precemhal with his party te the small town wt 
Coatacoalens, atthe meuth of the river af the sane uame. This 
point is alwent ene landed and twenty ies aouthias, of Vora 
Craz, and is the landing place of the calle, A lund line extends 
From thie prolae te Salina Crue on the Pacitie const, a distance of 
aint tw honed miles Li weehatying tine signals betweon 
Vera Cruz and Coateacouleos, the satomutie method wasvmploved, 
the cable being short ‘The old wooden observatories were used 
at thess points, but as they were too heavy for transportation 
soros the lethmus, teuts made opecially for astronomical por- 
poses were eybatitutod for them in thy olieervations made on the 
Pacific coast, The journey auress the Tetlimne was slow, about 
reo weeks belng amployed in traveling two humdred miles, though 
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a the mute was deviods, the actual distance was nearer theve 
hominal, Some of the inetraments were heavy, and after being 
taken in canies a hundred miles up the Contzacouloos river, againet 
a rapid current, they were loaded on a train of pack mules, and 
carriod the test of the way by land. While the first party wax 
crossing the Isthmus, the other was on ite way from Vera Crue, 
and being ready ataubout the same time, a successful measurement 
wor made between Cootvacoaleus and Salina Crus, exchanging 
agnals automatically, The Conteaconleos party then crossed to 
Salina Crus, while the other proceeded to La Libertad in Salvador, 
where the station established] in the Spring of ‘84, wae again 
occupied, The mraturenent between these places being oon 
pleted, the Lihertad party went on to San Juan del Sur, in Nicu- 
ragua, near the terminus of the proposed interoceanio cnnal, In 
the measurenwnt betwoen this point and Salina Cruz, as well oo 
in the one proceditig, the exchanye was effected by mirror signals, 
This cympleted the season's work, and the two parties made the 
best of their way home via. Panama, arriving in Washington in 
April and May respectively. "The computation of the observations 
is not vet complete though well advanced ; it was the intention to 
publish preliminary resnite this Fall, bat owing to lack of time 
that ean not be done, 

Another piece of work is laid out for the same party for the 
coming winter, Which is thy tineasitenent from Santiago de Cuba, 
through Tlovti and Son Domingo ta La Guavrain Venexuela, 
over the cables of a French company, Which have just heen com. 
pleted. This work will consiine about six months, and the ope 
dition whieh os to start almost tmimediately will probably return 
in Aprlor May next. Thi determination of the longitude of Tan 
Guayr will give a point from which many other measurements 
may be made along the north coast of South America, furnishing 
ruiterial for extensive corrections of the charts of that region, 


Having preeented an outline of the work done av far, as well 
a that proposed forthe near future, [will now mention sume of 
the trialx aml tribulations, a6 well as the plosures experienced in 
carrying out the objeet desired in an expedition of this Kind, 
The greatest politenvss and kindness have always been i pe 
nenced from the official and employees of the various telegraph 
companies over whose limes work has heen carried on, The 
government officiais of the foreign countries visited, have also 
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invariahly shown the otmost politeness, but sometimes this polite- 
ness has been visibly tinged with suspicion, The measurements 
in Peru and Chili were made amid the closing scenes of the war 
between the countries, Upon the arrival of the expedition in 
Lima, an interview was had with the Chilian Commander-m- 
Chief who had possession of the city, and permission was 
requested anid readily granted to oecupy a station in Aries, 
Upon arriving at the latter place some days after, the Chihan 
governor in charge was found to have instructions to facilitate 
the work, and readily granted permission to etablish the observa. 
tory in a convenient locality, but flatly refused to allow a wire to 
be extended to the telegraph offioe, and ales refused to forward 
te his immediste superior, a request that it might be allowed. 
He evidently supposed the party were omissuries of the United 
States, sent to treat secretly with conquered Pera, buat how he 
expected this was to be done remains a secret. Hy a vigorous 
née of the telegraph in commanisating with the U.S. Ministers 
to bath Chili and Peru, his objections were silenced, and the wire 
was putup, ‘The observatory at Arica war erected on the side of 
a hill to the windward of the town, bHcause it afforded a clear 
view, and was les dirty than other eligible sites, It alvo was a 
wife porition in ease of a primal bole earthqyttke ar thial wave, by 

which Arica had already been twice visited with disastrous effoot. 
In Wigging for a foundation fur the transit pir, several mummies 
of the ancient Peruvians were tnearthed at a depth of a foot 
They had evidently belonged to the poorer class of people, as 
their wrappings were composed of coarse mats, instead of the 
fine sii with which the wealthion people wore usally mterrecd, 
One was the body of a female with long hair, whieh had been 
turned to a reddish wellieww color by the alkal in the sel “The 
whole comt of Pero tm barren an) desolate, except an the river 
vallevs, it being seldom visited by rain, while it is nearly always 
overhung with heayy cloads and fig banks, whieh render astro- 
nomieal work exceedingly diffiewlt, Even whom partially ¢hear in 
the day time, it cone rally bocwniens cloudy mt might. Muwiney tunes 
thie Aiken vor wonld be at his pluce before sunset reply ho seine the 
first suitable stur revenled by the darkness, only to be bafited by 
thick banks of cloud whieh woolkl eover the entire «ky in from 
five Lo Len miinatics. 

in northern Peru, with a latitude of about tive degrees swith, 
isthe town ef Paita, Ut is an asscmblage of muyd-colored houses, 
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at the foot of high, mud colored bluffs. On top of these bluffs 
is @ perfectly barren table land extending inland and up and 
down the cost for many miles, Before visiting it the oliservers 
were informed that its one good point was the perfect astronom- 
teal weather which always prevailed, Clouds were unknown, and 
sueh a thing o# rain had never been heard of, The extreme dry- 
ness of the atuaphere was eo favorable to health that no one 
ever died, and when a conmumptive invalid was imported by the 
inhabitants im the hope of starting a cemetery, he blasted their 
expectations by recovering, Judge then of their feeling, when 

upon armiving at this delightful place, they were met with the 
information that while it was truce that the sky was, in general, 
perfectly elear both by night and day, yet about once in seven 
yoars, rain could be expected, and that the year then present wan 
the rainy ome. And anre enough it did rain, The usually dusty 
streets beeame rivers and quagmires, the rocky valleys in the 
vicinity were transformed into rearing torrents, and the table 
lund usually an arid desert became a ¢wamp with a rank growth 
of Vegetation, Towever by using every opportunity and snatch- 
ing stars between clouds and showers the work was finally 
cammnp lated, 

Upon arriving in Panama shortly after this experience, the 
party was met with the pleasant intelligetiee that yellow fever 
was prevalent, and. that the foreigners were dying like sheep, 
Nearly every day of the party's stay, some one died of suffictent 
importance te have the church bells tolled for his funeral, while 
of the ordinary people litth: notice was taken, Every morning, 
the writer remembers passing a carpenter's shop where nothing 
wis tide but coffins, and the supply wie evidently mot equal to 
the wiemand, for finally the proprictor beyan to import them, 
apparently by the ship load, The weather however was delight- 
ful, and the nights were the most perfect, astronomically =peak- 
tay, thar could bo desired, 

The observers who went from Japan to Viadivestak were 
cols ]igeaul Lo wart eevern) weeks al Nagasaki, before an Opportunity 
offered for proceeding to their destination, and when they finally 
arrived, the petting away again Wasa problem, ‘ommunieation 

with the outside world by water wax only open during the sum- 
mwr montha, aml even then iL waa mor acciderital than athyvrwiee. 
The party established the observatory however, and settled down 
to work, letting the futur¢ take care of iteclf. tn the early part 
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of the work, rather an amnsing incident courted, As the eat 
mouity wos full of all serte aud conditions of mon, Koreans, 
Chinnmen and Boesian exiles, the lost not pulitionl but criminal 
offenders: it was thonght wise to have a sentry stationed at the 
Ohwrvatory to gunrd aginst any possible luirm to the instru. 
ments. Se the Governor of the town wae asked to furnish a 
soldier for that purpose, whieh. request was readily granted, anid 
one night the sentry was posted with orders to let no one tonel: 
the ghseryatory., “Them orders be constrmed literally, and when 
the obaerier appeared te comunenine their aight’: work, be kept 
then of at the pointef the bayonet, His only lingiaie belie 
Russian with which the vhservers were not familiar, ip was nt ro 
sible to explain the true state of affairs, and it wos only after 
hunt Up an interpreter and communicating with his con, sna 
ine ificer thatan entry wis finally effeetd. A odd deal of Ty 
weather was expertcnodd at this plaice, hat-at the end of six 
weeks enough cbrervations had been made for the requined pur 
pow, cue thw party was fortumite enongh to secure passage to 
Nagasaki, in asmall stenmer that had brought o loud of -ecoul out 
Fron, Greer. 

Tn the expesdition te the Asittic ait one of the most interesting 
experince was the trip te Manila in the Philippine Islands This 
is quite a large town when iitact, but a great portion af itis wan 
ally in the oondition of ley shaken dawn by on earthquake or 
blown over byoh typhoon. The inhabitants ary full of energy, 
howowwer and find time between downfalls to build apagnin. The 
mabe from Tone Kong lands-at a point about ono hundred wail 
twenty moles from Manila, and the writer was directed to prences| 
thither, with a chronometer and chronegraph for the purpose of 
tiinsnitting time stgtals, The firat partoof the journew was 
mivde in doatmall quieting stehtier uicutimenly dirty, atid ocen- 
pied about thirty-one dies, Ab the end of that time the village 
ef Sil in the Gulf ef Linwaven was reached, This woes iistant 
from the coble station about thirty miles, and the remainder of 
the jourmey wie mile in a native buat, with mat sails, and bam 
boo outrivodrs, (rant of thie Hime throtieh chattels between mite 
rows smal! islands and for some distinoe in the oper sea. The 
prone wie slow, butit woes plensant way of traveling, except 
for the shweping sceommodations whieh were primitive; conser. 
ng of ae pol teat mat thoown over w platform made of split 
hamboo, in whieh all the knots hod been carefully preserved. 
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About three days, including stoppages, were consti li this 
thirty mile vovuge, and the trtveler finally reeled bis destini- 
tion to be received with the greatest hespit ality bey the wtatt at 
the teeeraph station, and jase in tine to ullay the fears of the 
Ohservers at Hong Kong ated Monils who hod begun to think 
him leet. Abpint thie works word spont hore, ind os the work 
aniily eet piled a short tie at night, the dave were pleaeanthy 
passed In exploring the surrouniling country, making friends with 
the natives, shooting and photographing: the saoenery, “The rete 
ty Manila waa by the same route cad ocoupied nearly the same 
length of time. 

The measurement from Singapere to Madris wie over one of 
tlie livri pace litte af eoble ever weed for thts PELLEp tees, lig cEiebearvie 
being abowt 100 mantioal miles, “The Atlantic calles ted by 
Dr Gould in LA6d were a little more than 1,650 miles in length, 
There was on intermediate station at Penang obout 400 giles 
from Singapore, where all the work of the line wie repeated For 
the longitede measurement however the cibles were connected 
through to form an wobroken line The mirror wor the anny 
inetrimene that ould in used and.even with this the signals wore 
feeble and much affected by earth ourrents. 

The observing parties have never been tronhlod by wild boasts, 
bat while at Saigon in Cochin, € ‘hitia, a fe was always kepit 
handy for ia dee oF the apprirance af a tiger ‘Te nlisuivis- 
tory here wae lecitel near the edew af a jangle, and alongside 
the teleg-aph station, on the verunda of which a lorve tiger byl 
bev shoo by one of the operators only a short the befog 

Tn the oxpecditoon of last winter to Mixieo amd Central 
America, the prmeipal antivvance wie cama by insects which 
Wore Tmnercns mnd malignant, Ad Cinitzaconlous they were 
found in the greatest abundance, though the whole titties 
of Tehuantepoe is olive with them Fleas amd mosquitoes were 
expected of course, bat added to this were numerous others mach 
worse, Of the fanmily of “ticks” four varieties wer: seen and 
felt, ranging tho sive from sloeet moctiseopie te a henath af va 
third of anineh, The mort nomerotia were about ds large asa 
erin of mustard seed, and one who walked or code through the 
bushes or bieh erase would find biteself Tterully covered, (ny 
of the worst insects encounters] wis the “nivun” which is in 
appearance something like a small flea. Tt burrows inte the toes 
and soles of the feet, lays a number af exes, which latch and 


at Natiowed Geographic Magazine, 


produce poinful sores, A gruesome story is current in that region, 
about an enthusiastic English naturalist, who found specimens of 
these encamped in his feet, and concluded to take them home in that 
war, in order to observe the vfect, but died of them lefore reach- 
ing England. All the pirty were afftieted with these pests, but were 
ilwaye fortinate enough te discover them anil dig them aut with 
the pointof a knife before any bad resalts were experienced. The 
Village of Coateaconloos is pretoly situated, the climate, especially 
in winker, is very agreeable and the river offers a commons 
harbor, bit as long as the insects are so unpleasant, fow people 
will care to live there if they can avend tt 

There have been directly determina by these various expedi- 
tidne, about forty sveoribary merijiins, Many more positions 
depend upon these, ao they may be said to hive inade a Larue 
addition to our socurate knowledge of the eurth’s surface, Tele- 
graphic facilities are belay constantly oxtended, and ais the Bureau 
of Navigation has oow o very complete outfit for this work, 
which only needs oocasional repairs, it i¢ hoped that it may he 
kept up for.some time in the future. 
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REPORT—GECHFRAPHY OF THE LAND. 


iy Hengent G. (MipEx. 

In my ional report a year avo, DL opresented to vou briefty our 
knowledye of the wreat georraphic divisions of the world. It 
might bo inatructive tu coutinue the subject this evening by relat- 
img the widitional information we have acquired during the roar; 
but as the items sre net of great value and the most important 
are mere in the form of romeors thas of facta, | have restricted 
myself more to the intercsts of the western hemisphere, and 
particularly to those affecting the Coited States. 

In Europe we have still the visions af war that have agitated 
her pooplos for years past; the decapitation of the Turk, and 
division of his European Wmpire to appease the ambition of 
“friendly powers.” [tis not until we poss by this civilized see. 
ton and reach the far cnet, that we reécapniae the dawn of prog- 
res in the your; thy birth of events that mayim time increas 
the happiness aml welfare of many people. 

The inflaence of the United States in extending the principle 
so early enunciated, “that all men are born free and equal” has 
been inmost marked, The western hemisphere is virtually under 
the rule of men chosen by the peaple, and though we cannet claim 
that in all instances the result has been n satiefaetory, there lias, 
nevertheless, heen uo steady advance > political disturbances have 
become lows frequent and with prolonged tranquillity the arte of 
pene, commercial enterprise apd internal improvements, haye re- 
ceived an impetus that will wed more strongly the advocates of 
personal iberty to their idea) God, 

Educated men uw both hemispheres predict ultimate success or 
failure for our form of government and advance cogent argu- 
ments in anppert of the views they express, “The complintions 
af the great economic questions that confront us afford texts for 
afguments that dais many to doubt the wisdom of entries ting 
the welfare of a great nation to the votes of the masses: never- 
theless, the people are firm in the belief that they can conduct 
their own affairs; and those whom they intruat with temporary 
power are sellom #0 short-sighted as not to realize that a violation 
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of the trust will meet with certain retribution, Those appointed 
to gowern most alse be teachers, and if in the enthusiasm of a 
new cromd it shall be shown they have tanght the people error im- 
stead af trath, a national uprising sweeps them from control, and 
for a time conecrvatiem becomes the guide, ‘To the people of the 
olf world, the apparent prosptrity that has followed our system 
Houltless receives the most earnest thought: and the contrast to 
their own condition excites their desires to experiment themselves 
in more liberal forma, amd reap the rewards they believe have fol- 
lowed sich measures in America. 

While American methods may extend their influence in this 
manner to European nations, and owen tothe nations of Asia, we 
should not reat sclf-nonfident of the superiority of our institutions, 
and that they alone are the permeating influence that inspire so 
many with the thoughts of liberal government that brings dis- 
quiet to crowned heads The application of recent discoveries 
and inventions, to the affair af evervalay life, have raised the 
pewer ef the individual and caged such a general increase of in- 
telleetual viger, that independence of rulers hy divine right is no 
longer a oauwe for wonder, bit le considurnl by the iitelligeent, as 
the natural state for the modert min, 

Since the expedition of Com, Perry our influence in Japan has 
bien inarked, and thie most progressive of the Eastern nations has 
sought counsel and advice from new Amwrica and the tien whe 
constitute the nation. But the progressive prople of these isles 
have been too earnest in their efforts to advance, torely solely apon 
one set of men, or the example af ome uation, and we find they 
have been gathering in that which de goml from all sections of 
the civilized award, “The record of their peep Pasi, however, Trae 
the stamp of America, and we may justly claim that it was the 
influence of freedom that first bel these interesting people into 
the paths thew have followed with such gratifying resalts, and 
which many believe will culminate in the establishment of a pow: 
erfel dnd enlightened tation, Rocont advices announce the for- 
mation of a leyislative body, organized on the principle of the 
Congress of the United Stutes—a step that indicates Japan tay 
yet find a place in the category of states that are destined to 
exert a marked influence in the control of human affairs. 

How different is the neighboring empire of China, Within a 
stone's throw, almost, of the advancing civilization of Japan, in- 
habited by a people of marked ability but restricted by race tra- 
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ditions te a condition of insetive conservation, tliat seime almost 
to preclode the possibility of material advance in centuries to 
come, The population of this empire is so crent that the density 
hus been averaged at two und three hondred persons per synare 
mile, and in some districts that it. is aa great as seven hondred, 
We can readily conserve the poverty that must exist in auch an 
averniry population for such an extended area, And we nimy 
realize the ories of distress that ome from great. calamities: by 
the expericnces in our own history, even modified as they have 
been by our superior facilities. for affording. rehef, and the com- 
parative insignificance of the numbers who have repaired assist 
ance. Hecall for amement one of the great flows of the Yellow 
river, Where thousands have perished and tens of thousands have 
boon rendered destitute within a few hours, and canceive the 
sufferings, hardships, and yreater number that most yet suceumb 
before those who survived the firat groat rush of the waters can 
be furnished relief; remembering that the means of intercommna- 
nication are the most primitive, and that the tomediate neighbors 
of the sufferers are in me condition to Tender more assistance than 
will relieve the most urgent necessities of a comparatively insig- 
nificant number, May we not, then, 1f only from a bumanita- 
Tian point of view, greet with plensure the reception of the 
imperial decree authorizing the introduction in the empire of 
néeful inventions of civilized man, and directing the censtruc- 
tion of a great railroad through the heart of the empire, with 
Pekin os one of the termini. This road will cross the Yellow 
river, affording relief to this populous district in time of dinns- 
ter; and it ts understood will eventually be extended to traverse 
the empire, forming o means of rapid communication between 
distant provinces. We may believe, also, that in time it will be 
the medium of opening {o ws o new region for geogrspliic 
research, not in the colestinl empire alone, but also in the rich 
fields of central Asia that are now being occupied by Chinese 
emigration, 

Doubtless the grestest geographic discoveries of the age have 
been made in central Afries. It was but o few yours agro that 
we were in doubt as to the true sourees of the Nile, and the locna- 
tion of the mouths of great rivers that had been followed in the 
interior, was as much a mystery as though the rivera had flowed 
rote & heated cauldron aml the waters had been dissipated in mist, 
by the winds, to the four corners of the earth, It was then that 
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grave fears were aroused for the eafety of Livingstone, who had 
done «i much, and whose efforts it waa hoped would yer solve 
the great geographic problema his teavele had evolved, A man, 
patient in suffering, amd with o tenacity of purpose that over- 
comes the preatest obstacles, he had omduared himself to those 
who songht knowledge from his labors, and it was, therefore, 
with unfeigned regret that men spokw of the possibility that 
calamity hud overtaken him, and that the werk of tho last yoars 
of his: life would possibly be lost. The editer of an intluontial 
New York journal, sympathizing with the deep interest that was 
felt, amd doobtless actuated to some extent by the notoriety suc- 
cea would bring to his journal, determined upon otganiving an 
expedition Wi ascertain Livingttoue's fate, and thus brought 
before the world the hitherto obscure correspondent Henry M. 
Stanley, ‘The rare cowl judgment that selected Mr. Stanley for 
the command of such a hazardous expedition was more than 
demonstrated by sabseqnent events, "The frst reperts that Liv- 
ingatone hal hien succored were received with imeredulity, but. 
as the facets became known incredulity gave way to unatinted 
praie, and Mr. Stanley was accorded a plucw among those who 
had justly earned a coward from the whole civilized world, 

A few years after his: rotarn from his successful mission for 
the relief of Livingstone, he was: comtumissional in the joint 
interests of the Vew Fork Herald and London Phas iy Tilegraph, 
to command an expedition for the exploration of central Africa, 
Traversing the continent from east to weet, he added largely to 
ont knowledge of the lake region snd was the first to bring ws 
faets of the course of the Congo. This expedition placed him 
before the world as one of the greatest of explorers, and it secme, 
therefore, to have been but natoral that, when grea) humanita- 
rian expedition was to be organized nearly ten years later to pen- 
etrate inte the still umknown regions of the equatorial belt for 
the reliof of Emin Pasha, that he should have heen selected to 
command it. How faithtully he performed this task we are only 
just learning, and our admiration increases with every new chap- 
ter that is placed before us. That he wus successful in the main 
object of the expedition is se if-evident, having brought Emin 
Pasha and the remnant of his followers to the coast with him, 
The expeneae thas filaes beset fraltfal 1 mm a» Beoerop ye. ‘Gerais, 8 nnd 
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valine. Perhape the best summary af the more important diseov- 
eries con be given in the explorer’s dwn words, which I have 
biken from one of his recent letters : 


“Over and above the happy ending of cur appointed duties we hare 
not been unfortunate in geographical diseiverias. The Aruwimi is now 
known from ite source to ite bourne, The grent Congo forest, covering 
tele an ated Prone and the Therion penineile, we ean mow eer 


tify to be an abeolote fact. The Mountains of the Moon, thia time 


beyond the least doubt, hove been located, aml Rowensori, * The Cloud 
King,’ rola in eternal snow, has boon seen and iim fanks explored ani 
some of ite-shonldere seceded, Mounts Gordon Bennett und MacKin- 
tan Cones being but great entries warding off Lhe approach to the 
mner area of ‘The Clowd King.’ 

On the southeast of the mange the commection between Albert 
Ewan Nyon and the Albert Nyanga bas been distorered, and the 
extent Of the formotinke is now known for the (het tine, Range after 
range of meuotoins hee been bverse), meparnted by such trate of pna- 
ture lituls as would make your cowboys out weet tad with etry, 
And richt under the burning equator we have fed on blackberries and 
bikers and quent! or thiret with crystal water freah from anow 
beds We have alc been able to add nearly six thousand square miles 
of water to Victoria Syanen, 

‘Oar notiraliat will warptiote api the thew specks of sumtmalk, birdie 
and plutiia he fine dincovercd. Our sirgecn will tell what he knows of 
the climate ond ite amenities, Ti will take us all we know how to my 
What mw etere of kinwhedoe has boon gathered from thin onex pected 
Held of discoveries. Toalways suspected that in the centra) regions, 
between the eqiiterial laloos, something worth seeing would he found, 
but [wos nat prepared for dich a harvest of new facts.” 


Thv exploration af Afrioa, however, has not been confined ta 
the central belt. Expeditions have heen developing the southern 
section of the eontinent; the French have been setive im the 
watershed of the Niger, and m the east there seeme to have 
been a general advance of English, Germans, Portuguese and 
Italians, “The latter, it is stated. have sequined several million 
square miles of territory in Moaambique, an sequisition that 
would indicate our map= have heretofore given thin particular 
division of territory an area much too insignificant. 

We also learn that Capt. Trewier, ao French traveler, has 
erossod the continent by ascending the Congo to Stanley Falls, 
thence. southeasterly through the luke region to the vosst at some 
point in Mozambique; m a journey of eighteen months; oa 
journey that must bring ue a harvest of new facts, 
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On the weatern hemisphere there how been considerable activity 
in a variety of interest, temling to develop the political, commer- 
cial and matoral resources. 

Four new states have been admitted to the American Union, 
and measures have been introduced in the Congress looking to 
the adiminsion of two more, These acts mark an eta in the preg 
reat of the great northwest significant of a national prosperity that 
a generation ago Wonld have been deemed visionary, We have 
aleo to record a tentative union formed by the Central American 
states, that at the expiration of the term of ten years piresenbed 
by the compact, we may hope will be solidified by a bond to 
make the union perpetual, In South America a bloodless revolu- 
tion presented to the family of nations ao new republic in the 
United States of Brazil. All thonghtfal men must at least feel a 
throb of sympathy for Dom Podro, who ina night lost the alle- 
lance of his people and the rule of an empire, Sympathy, per- 
haps, that he does not ¢rave, for history affords us no parallel of 
a monarch who tanght his people liberalism, and knowing it could 
but lead to the downfall of hin empire. It seems to be true, also, 
that although depriving him of power, the poople whom be loved 
and ruled with such liberality, have not forgotten hia many vir- 
tet, and that the Emperor Dom Pedro will be rovered in repuabli- 
can Brasil as heartily as though hie descendants had been per- 
mitted to inhertt the empire, We cannot tell if the new order of 
affairs will prove permanent, but the education of the Brazilians 
in the belief that a republic was inevitable, gives strong grounds 
te hope the experiment of selfyovermment will not he a failure, 
The influence the successful establishment of this republic is to 
exert in other parts of the world isa problem that has already 
brought new worries to the rulers of Europe, and not withent a 
reason, fora repoblican America is an object lesson that the intel- 
ligence of the age will not Ix slow to heart. 

The astembly of the “ Three Americas Congress” in Washing- 
ton, in alee an event that may wield ao cinfluenoe in the futare. 
Porhaps it may not be seen for years to come, but it lays the 
foundation for commercial and geovraphic developments: that 
would redound to the credit of the western hemisphere, 

We have seen during the vear the virtual failure of the Panama 
Canal company ; for it is unreasonable to believe that.a corporation 
eo heavily involved with such « «mall proportion of its allotted 
labor accompliahed, can secure the large sam that would be 
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requisite to continue operations to completion, The failure of 
thie company has imparted a fresh impetus to the Nicaragua 
scheme and ground was broken on this route in October last. As 
the Nicaragua route presetite inary natural advantages and is frow 
from such stupendous engineering works as were contemplated at 
Panama, we may hope for its completion The surveys were con: 
ducted with deliberation and have evidenced great skill on the 
poke. af those;who anperv ised them, «od that we nay reasonably 
expect the constriction will proceed with the same esre, and re- 
solve the question of #icores into the simple problem of cost, 

A. partial account has been furnished by Dr, Nansen of his 
journey across: Greenland a yearago, The result will be disap- 
pointing to those who anticipated thy discovery of open country 
with green fields and the general reversal of the Arctic conditions 
He deseribes the region ae being covered with a great shield of 
iow, dometlike in shape, and which he estiniates to have a maxi- 
tion thickness of six or seven thousand fect. For a great prt 
of his journey he traveled at an elevation of about eight thousand 
feetoand the cold at times was so intense that he believes thy tem- 
perature mist have boon! at least 30° bélow sero on the Paliren- 
hoit tenle, Noland was visible in the interior and be estimates 
the highest mountains must be covered with at least several bun- 
dred feet of snow ice, The expedition was one of great danger, 
and we may say was accomplished only through the good judg- 
ment of the explorer, The scientific results have not yet bren 
considered, but the explorer kugeests it is anwxcellent region to 
study wn oxivtiog ive figld, ane estinuietis that porsiste nt observa 
Tiatin mugrhit prove prvluctive of value an the scieney of jeter. 
ology, 

The Canadians have been active during the year in the explort- 
tion of thi vast territory to the northward of their UL pupncescaeel hab 
table revions. Inthe report of Dr. Dawson relating the mesult of 
his labor inthe meorthweat, up to the date of it compilation, we 
find much that is new and a great doal thar ie of interest. We 
coonut enter into the details of his itinerary, but we may note os 
one foot that sorely will excite sarprise, the conchision he teaches 
that there is a territery of about 61,000 equare miles, the mort port 
to the northward of the sixtioth pdtrallel, in whieh agricultural 
pursuits may be socewssfully followed itn eunjunetion with the 
nitural development of the other rsaurces of the territory: This 
dors not ioply that it may become an agricoltical pegion, ond 
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should hardly be construed as more than 4 prediction that the 
pioneers whe attempt to develop the region need not die of star- 
vation, 

We have also to record a8 a matter of interest in the Aretio re- 
gion, the successful establishment of the two parties sent ont by 
the United States to determine the location of the L41st morhdian, 
the boundary line between Alaska and the Piritish Provinces 
north of MtcSt. Eline. ‘The parties are located on the Vukon 
and Porcupine rivers above their confluence at Ft. Yukon, “They 
are well equipped, and it is expected they will explore a consider 
able territory and bring back with them valuable information be- 
youd the special object of the expedition, DLndeed, it may be ard, 
this ie hut the beginning of a thorough examination of Aluskan 
territory, that will eventually forma basis for the demarkation 
of the international boundary. Thie country is full of surprises 
in its details, and whatever oxaninations are made must be thor- 
ough to be effective. Only rocentiv, a small indentation, as it has 
been earried on the maps since Vancouver's time, and known as 
Hotkham Bay, has been found tobe a considerable body of water, 
extending hack from Stephen's passage in two arms, each nearly 
thirty miles in length amd nearly reaching the assumed loemtion of 
the Alaska boundary, So perfectly is the bifurcation and exten- 
dion of the arms hidden by islands, that it was only during the 
pust sommerswlen in the regular course of work the shores of the 
bay were to be traversed, that the extent of the hay became 
knew, 

The determination of the boundaries of the lind arese-on the 
surfaces of the warth has over been a matter of the greatest 
interest to the students of peowraply. It was the incentive that 
led the daring navigators of old to undertake the pertinn« voy- 
ages that in thew days read like romances; and in the hight of 
the more perfect knowledge we now have of the hidden dangers 
to which they were exposed, we may pass by their shorteomings. 
in the admiration we must feel for their heroism and endurance, 
To these men we owe our first conception of the probable dia- 
tribution of the areas of land and water, hut the lines they gave 
us were only approsimate ; and had not-scmntifie effort follawed 
in their tracks we may reasonably believe the progress of civilien- 
thon Would hove been retarded by generations, True it is, ales, 
that even to-day we have not that precise knowledge that is 
requisite for the safety of quick navigation, nor to caleulnte the 
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possibility of the future improvement of undeveloped regis 
The commerce of the world In votome years will demand the 
aceuraey in the loention of distant regions as great as we now 
have in civilized centres, for time will be too precious to lose a 
day of it in the precautions that the navigator must now follow 
in approaching undeveloped coasts, That these trathy have 
guided those who seek toe de their share for the future in the 
labor of the present, we have ample evidence in the activity of 
all civilixed governments during the last century. It is a source 
of shame and infinite regret that our own goverment has done 
a little in this vast fell: that the intolligenes of onr people 
hes not been swakened to put forth their anergy in se geal a 
conse, that woul eventually increase their own prosperity. But 
we have net twen pltogethor inactive and compliint must be 
in the quantity, not the quality of our labors, The establish- 
ment oof “detinite locations,” for the control of sections and 
regions, in the first step in eliminating errors that have been com- 
anitted and in providing greater aceuriey in the future, At a 
ferent meeting of the Society we hada paper presented on this 
subject, from which we oan judge of the evd work that his been 
done by our novy in these determinations; and chin an insierht of 
the similar labor that has been prosecuted by other nations, “The 
bands of electric cables ‘that girdle the earth, aford the most 
approved means of aacurtaining the longitudes of these peal 
tions; and if we but study a cable chart, it will be found the 
work yet te be accomplished befory the faeilinies the enables now 
afford are exhausted, it not inconsilerable, We hope, therefore, 
this good work may be continued, and that surveying and chart- 
ing the resurhons thins approsched, will shortly follow, ‘Therp is 
inch labor of this character still required on our awn continent, 
and we will be delinquent in our duty as a progressive poople if 
we do not follow the pou! beginning already made to its legiti- 
Hinke Cote lewis, 

The daties of government are manifold, and for the bonwfit of 
these governed must include legilation thar will make minifest 
the natural resources of the Stare, The geographic development 
and potition! advancement of cnr own country in the century of 
our national existenov, is a marked instance of the wisdom of pre 
paring for the fature by sich acta as logitimately fall within the 
provinces of legislation, 
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The new cation began her existence under extraordinary cir- 
cumstances, With only an experimental form of government, 
she was to develop a vast region of unknown resources | but 
happily imbued with the belief that “knowledge is power,” it 
wie not long before systematic efforts were put forth to learn 
the wealth we had and how it might be utilized, The congress: 
of the confederation provided the first act in 1785, for the 
organization of the land surveys and land parcelling system, that 
title to the unocoupied territories in the west might be securely 
yested in the individual, We have record of the stimulus this 
act gave to the settlement of a large territory, and raised the 
demand for surveys in the still further west, developing the 
svography of a vast region that has since beoome the home of 
millions of piaple, The original aet was amended as early ox 
1790, und sinee then has frequently been added to in the wifort to 
meet the now conditions volved tn the rigid development of 
the country. Other great regions were axplored by the army, 
sometinies under special acts, moti) finally we bad learned with 
acme degree of reliability, the general adaptability of our whole 
territery, The discovery of the great mineral wealth of the 
west, and the improved means of comiiunication afforded by 
the construction of continental railways, however, imposed new 
conditions and it was found more detailed information would be 
necessary to meet the dumands of the increasing propurlo tion. 
We thus reached another stage where expeditions equippod for 
scientific investiration were organized, and through their labors 
brought as knowledge of still greater value: and to-day we see 
thea merged inte one body in the geological survey, whose 
apecial duty is the scientific exploration and study of our great 
Lerritoary. 

While this had been passize in the ioterior, bringing life to 
unpocupial regions, the districts on the coast that lad long been 
settled, were also strigeling with new problems. The material 
progress af the vivitized world, and the pressure from the regions 
Lwhind them that had been recently peopled, demanied greater 
commercial facilities, Early in the eentary, almost coincident 
with the establishment of the laud surveys, provision had been 
mode for the sarvey of the oomats, aml although through varius 
Gnndes it was het vigorously prosecuted until a third of the cen- 
tury had passed, when the time came for its nconomie use in 
Inceting the new conditions umposed by the general progress of 
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the nation, the knowledge had been cained that wae essential to 
aivance and develop the great interests affected. The improve- 
ments required, however, could only be secured through active 
exertion, the actual work of man; but so pressmg has been the 
want and so persistent has been the labor, that should we chart 
the results it would be a surprise to those who believe tho “local 
feography” hae not been changed, 

The demands upon the older communities arising from the 
increase in commercial and industrial enterprise, have caused 
them too, to feal the want of more detailed information of their 
surroundings, and they have, in consequenve, undertaken more 
precise surveys of their territories, gencrally availing themselves 
of the ssstatance offered by the goneral government, This work 
will doubtless extend in time to all the States, and be followadl, 
When tte valie hee been made manifest, by the detailed surveys of 
precision that hove been found necessary os economic Mensures 
in the civilized Statea of the old world, 

Tt is rarely we can foresee the full results of great national 
enterprises; the special object that calls forth the exertion may 
be readily comprehended, but the new conditions ovolved from 
success, and sometimes from only the partial accomplishment of 
the orginal design, may be factors in governing the future be- 
your our power to surmise. 

The work of improving the navigation of the Mistissippi 
River, is an instance of this character so marked, and apparently 
destined to extend its influenee through #0 many generations, 
that a brief record of the change it has effected in gedurraphio 
environment will not be owithont interest, and, péerchanoe, not 
without value, 

The area drained by the Mississippi river and tributaries, 1s 
forty-one per cent, of the area of the United States, exelusive of 
Alaska; and by the cones of 1480 the population of thit great 
district wus forty-three per cent. of the whole Union, It seems 
probable thata large proportion af this population ix direatly im- 
terested in the river system, and if we add to it the number of those 
who are indirectly benefited, we ahould doubtless find a majority 
of our pooply more or less dependent upon its maintonanoe, It is 
ily to the allavial valley, howwver, the great strip from Cairo to 
the Gulf, that I wish particulariy to call your attention this even- 
ing, ‘This t really the great highway for traffic; the canseof the 
great work that lias been prosecuted ; and the scene of the peo- 
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graphic development that will mark an epoch in the history of the 
river. 

Ten years ago the importance of the improvement of this 
water-way wis so forcibly impressed upon Congress, that an act 
wie passed Organizing a “ Mississippi River Commission,” to 
make an oxhanstive study of the whole subject and sabmit plans 
for the improvement of thy river and to prevent the destructive 
floods that are of almost annual oconrrence, (Fr in the language 
of the act: “Tt shall be the daty of said Commission to, tke 
inte consideration and mature such plan or plans, and estimates, 
as Will correct, pormaneitly locate, and deepen the ohanwel and 
protect the banks of the Mississippi river; improve and give 
safety and case to the navigation thereof; prevent destructive 
Howdy; promote and facilitate comme>rce, trade, and the portal 
kerviow.” 

Large sums of midtiey had alretdy been expended by the gen 
eral goverument m luda Hiprovements, bot no consistent plan 
hed been developed that would be an acceptable guide In con- 
ducting operations along the whold river, when this act went into 
effect. Lt is mot necessary to refer here to the various system 
that were presented to the Commission for consideration ; nor to 
enter upon the details of the plat finally adopted; ur record 
heen ge myn the efleets and primary canses, than the intermediary 
processes thromel: whitel: the results have been produced. The 
cen plan followed by the Commission has been the construc- 
tion of works in the bed of the river, to form new banks: where 
a contraction of the river bed Line bein deemed necessary 3 aud 
the erection of levees, with grading, revetment, and other pro- 
tection of the hanks, in localities where the natural banks seem 
particularly liable to give way under the pressare of a great 
flood. The object of such works bemg to contral the river by 
confining the low water channels in flaed lines, cxusing the reeur- 
rence-of the sovur in hiw water stages in the same channel In suc 
cesave low waters; and preventing the diversion of the stream 
nie iew channels during high water stages by overflow of the 
banks, A diversion of the stream would leave the works in the 
bed of the river below of no greater value than is montiments Lo 
the eqergy and skill displayed in the detailsof their constraction, 
and preelide the ultimate benetit that may be derived from these 
works in permanently lowering the bed of the river, The proba-. 
bility-of such diversion of the water, however, seems to have 
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bien reddcm] toa minimum, through the conservative action of 
the Commission in codperating with the States having jurisdiction 
over the alluvial bottoms, in reorganizing their lovee systems and 
thus securing the greatest contral over the volume of water 
brought down in the flood seasons, that is possible by the con- 
struction of well planned and snbstantially built levees Ie 
having been demonstrated that the levees subwirve a double pur- 
poss, that they are exvential in the general plan to improve the 
navigation of the river adopted by the Commission, and are like- 
wise needed to render the bottom lands habitable, it is not sur- 
prising that we tind the State authorities ond the Commission 
jointly engaged in their construction. 

Tt has thus been Drought about that the effort to improve the 
navigation of the river for the general welfare, has resulted tn 
such great changes in the geography of the locality, that a large 
district has been reclaimed for agricultural purposes. The allo- 
vial valley of the Mississippi river has an area of thirty theneand 
sqaare miles, and is naturally divided inte four great hasine that 
have boon designated the St, Francis, Yasuo, Tensas and Ateha- 
fulaya. woof there basing are now fairly protected from the 
everflows of the Missinippi, by the lewees that have been con: 
structed, or repaired, incidevtal to the work of the Comission, 
viz: the Yaroo basin extending from below Mempliis to the 
mouth of the Yazoo river; and the Teneas basin from the bigh 
land south of the Arkansas river to the mouth of the Med river; 
and the Atchafalaya basin, from the Red river to the gulf, bas 
been protected on the Mississippi fronts, These three basins. 
have an aggregate area of nearly twenty thousand square miles 
that is now reasonably secure from intndition, Measures have 
also been inetitute! hy the State aathortiws looking to the 
reclamation of the St Fractis basin; and the work is half ac- 
complished on the White river section. 

Nearly the whole of this valley was under protection thirty 
years ago, but the disasters of the late civil war, and subracquent 
inability af the people to repair the damaged lowers, resulted in 
thie practical abandonment of many sections, and it was pot until 
about ten or twelve yeare ago that the protective work» again 
presented an appearance of continmity., The sappowl security, 
bowever, was of short duration, as the great fools of 1482 over- 
topped the works in toore than one hondred and forty places, 
cuusing such widespread ilestruction that cultivation of the soil 
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was rendered inpossible over large districts. The floods of suc- 
eveding years but added to the misfortunes of the valley, and 
land valocs became so depreciated that sales were impracticable, 
taxes oonld not be collected, and there was a goneral fecling that 
aque miles of fertile land must be given over to the destructive 
agencies of the great river that had made it, 

It wae while suffering under this distressing situation that the 
work of the Mississippi River Commission was brought forward 
as a posible means of salvation. With a recuperative power 
that scemes almost marrvelots, the people have contnbuted of their 
labor and their means, until now thia great area of nearly twenty 
thonsand synare miles has been onee more reclaimed, anid seems 
to have entered upon an era of prosperity that will eclipse the 
prophecies of even the most sanguine, It is believed that the 
levees that have new boen constructed will prove reasonably se 
cure, They have been built for a double purpose ; and the pro- 
portion of the expense incurred by the general government, about 
one-third, onder the direction of the Commission, has insured a 
supervision and inspection hy competent engineers such as Wis 
not exercised in the earlier history of ech works on the river. 

We cannot foretell the developments that will follow the im- 
provement of this water way and the reclamation of the alluvial 
bettonm on ary eiduritige basin, ‘That the works erected low the 
Commission will maintain an increased depth of water ot the 
low stages of the river, seems to be demonstrated, as during the 
low water of November Inet 5 dopth if nine feet was found on 
the Lake Providence and Plum Point bars, an incrense of thirty: 
throw and forty-four per ont, respectively, When the depths on 
the other bars have been increased in ke proportion the free nay: 
ization of the river will be assed, and we may point to the re- 
sult as one of the greatest engineering achievements of modern 
times, 

The increased) value of the land adiacent to the river redeemed 
from waste, more than doubled on the average, and in many 
instance: quidiraplal: the replenishing of the state and county 
treasuries by the collection of taxes on land that was before an- 
reminnerstive amd the bnilding of railroads throngh seetions 
where it had heen iinpracticable to maintain them before in con- 
sequence of their liability to destruction by the poriailie floods ; 
are nurked eviderices of the material prosperity that has already 
followed the great work. During the Inet four years, forty thon- 
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tani! settlers have taken ap lands in the Yaros basin alone, and it 
was estimated that in the fall of 1880 twenty thousand more 
would seek homes in the same district, ‘These settlers have been 
mostly negroes from the worn out bigh inns to the eastward, If 
the change mm their environment proves bonwfictal to the individ- 
ual we MAY expect an increased migration, that may in turn be on 
and in solving the political problem involved in the citizenship of 
the negra, 

The settloment of these bottom Innds will also influence the 
prosperity of many commercial centers, ax trade statistics indi- 
eate the general abandonment of the plantations that followed 
the great floods of 1682, caused a marked diminution in the «hip- 
mente by the lower river, as well os in the receipts from that sen. 
tion; and that the partial reclamation of the Innds and restora- 
tion of agrioultural pursuits has already influenced the receiptand 
distribution of comumercin! producta, 

The project to reclaim by irrigation large districts. of the arid 
region of the weat, if snocessfully aecomplished, niny also exert an 
influence in the political and commercial relations of the future 
that cannot now be foretold, Two-fifths. of the territory of the 
United Stated hos been classed as arid: not in the sense thot 
there iwsno water, for the greatest rivers on the contitent have 
their sources almost in the midst of the region: but rather that 
the water is not available for enriching the oround. Thw rainfall 
ia generally not in the season when the crops would require it, or 
is too emall and uncertain for the husbandman to depend upon it, 
The whole region is not of this character ; many distriets are-sus- 
eeptible of the highest vultivation as nature has left them, and 
others have been redeemed by the application of the water supply 
through the simpler devices enstemary in irrigated countries ; 
cntil now nearly all the districts have been oneupied that are susCe pi 
tible of agricultural pursuits, cither in the nutural atate ar by irri- 
gition, unless water ia secured hy means generally beyond the: 
reach of the individual or combmoation of individuals who may 
nee it: And yet, itis believed there are millions of deres of Feh 
land that may be redeemed and converted to the support uf 
large population, by the application of capital in the construction 
of works of irrigation, ‘The progress of the surveysof the region, 
therefore, that have been inatituted by the general PovermmMent, 
are watched with absorbing interest, The districts susceptible of 
such extensive improvement are only approximately known, and 
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as it is only through these surveya their availability will be made 

manifest, the importance of the work can hanily be overestimated, 

The prosperity of several states will be largely influenced by the 

enocers of opermtions of this kind within their borders, and in turn 

their grater development und increased wealth, must react upon 

the older communities and benefit them, on the principle that the 
healthful growth of «single member is strength to all, 

The seienme of geography, as taught in the present day, is more 
eomprebensive than the brief descriptions and dpiledations of the 
areas of land and water that satisfied the early explorers, The 
great strides that have been made in scientific renoarel during the 
fast century baxe opened new teids, and men are no longer oon: 
ton to pioture that, only which they can see, The varied fem 
tures of the earth's surface, transformations new in progress and 
those which may be dedveod from the facts we can observe, have 
led to many theortes of the constructivn of the earth, ancient 
forme upon the surface and possibilities, if not probabilities, in 
the fature. ‘To ascertain the form of the earth has alone been the 
evnee Of heroic labor, and yet we have hardly possed the point 
that we can give it in probable terms with the gonwral dimon- 
sions Observations warrint the assumption that, discarding the 
aecllents of nature-even the highest mounteins—the ephere is 
far from being perfect. That it ts flattened at the. poles is now 
accepted as the trae condition, but we haye reason te believe, too, 
that this isnot the only departure from the perfect sphere. The 
more thorough the research and precise the observations, the 
more certain docs iv appear that the crust has a form as though 
thers find been great waves of matter that had heen solidified, 
To locate the depressions of these great waves and messure thoir 
depths, te point to the credits and measure their extent, is a 
problem for the future to solve, Their study is claimed to be 
within the legitimate aphere of geography; and wot until they 
have heen satisfactorily anewered can we assert the geographor 
is oven approaching the end of the facets hie science has yet to 
utilize, 

In pre-historic geography we have had two papers presented 
to the Society during the past year, reluting to the orographio 
features of the earth's surface in thues past compared with the 
localities as We may see them to-day, In the first instance the 
coanpariion is evolved from an effort to trace the origin and 
growth of the rivers of Pennsylvania; and the second, m a 
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description of the famed district around Asheville, North Caro- 
linn, "These hove a substantial interest ti us, treating as they do 
of localities so-well known ; and they illustrate, tou, the resources 
of imdtetion im bringmg to our view the probable wonders of 
ancient poographic forms 

The constitution of the interior of the earth ie o subject of 
great interest in the science of geography, as many of the visible 
forms npon the crust have been wrought by the power of the 
agencies within i. The dizvensston has been warm in the past, 
and doubtless will be resamed with unabated interest as we tind 
new phenomena for the argument. The apparent Inll that has 
followed the promulgation of the theory, three yeurs ago, that 
under the erast we shoukl find a floid, or semi-fluid, surrounding 
a solid niches, may not be of long duration ‘This hypothesis 
probably comes nearer to satisfying the conditions imposed by the 
phvsicwt and poologist, than those whieh have preeveded it, and 
Hay bw ageepted forthe present; unlesé the processes of tiature 
by which it is conceived this state of the interior of the earth 
hase been proviwemd, shall be demoustrated to have continued for 
eufficient time to have caused condition of equilibrinay and puas- 
ble solidification of the whole sphere; when wo might expect it 
to be repudiated by those who oppose the theory of isostacy, but 
commended hy the physicists ay sapperting their claim that the 
earth must ie substantially a solid even mow. Lf we accept Abr, 
Frederick Wrights supwestion, isoatacy may have an imyprortouet 
bearing on the couse of the ice sheets that eoverrd such grent 
Ares > daueestion that opens to the vision of the itiagination 
an orography beside which the grandest landscape we may soe 
to-day would pale into insignificance. This is believed to bed 
new application of the taastatio theory, and nny he possible 
solution of aoimuch vexed question when an initial cause for such 
great opheavals can be advanced that will not be inconsistent 
with other accepted conditions, 

Theories are modified by mew facta, and in any attempt to 
demonstrate the constitition of the interior of the earth, the 
increase of temperature with the depth is an important faetor. 
The recent meastres, therefore, in. Germany, that indicate the 
figures generally accepted are not reliable, may be received with 
interest. The shaft was sunk especially for the purpose of ob- 
serving temperatures at different depths, and every precaution 
that former experience had sugyested seems to have been taken 
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secure accoracy, The greatest depth reached was about one 
mile, An elaborate divenasion of the results fixes the increase of 
tempernture at 1° F, for eaeh 68 ft, inerease of depth. This is 
about 16 ft. greater than the figures that have heretofore been 
given ; a difference so large that we may question if they will be 
gencrally accepted until verified by further observations made 
with equally great cnre. 

In conclusion permit me to note the fact that the Tnited States 
was for the first time represented in the International Guodetie 
Association, at the meeting recently held in Pans; and also to 
record the snecessful conclusion of the fourth International 
Geographical Congress that assembled in Paris in August lost. 
The reports from the Congress indicate a wide range of subjects 
discussed, und lead us ta heliewe the interest in our srience is 
progressive, and must receive the hearty apprecintion of all who 
are inspired by the nobler instinets to develope the great sphere 
on which we live; that the riches, the beauties, and above all the 
grandeur of Nature, may be made manifest to ourselves and for 
our posterity, 
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REPORT—GEUGRAPHY OF THE AIR. 


iy Ges, A. W. Goerny. 





It ie with a feeling of increased responsibility, shared doubtless 
by the Presidents of other sections, that the Vice-President of 
the Geography of the Air brings before you his modest annual 
eontribution in one branch of geographical science; 

We live in an age eo imbued with oarnest thought, and so 
characterized by patient investigation, that an eager gleaner in 
scientific fields finds at the very qutset his mind filled with the 
garnered gram of golden facts. The more cautions searcher 
often follows with uncertain mind, and doubtless in hu back- 
ward glances sees many fairer and heavier shenves than those he 
beara with full arma, from the fruitful harvest If, then, vou do 
not find here dwelt on auch geographical phases ax you judge 
nowt important, attribute the fact I pray you, not to pegivet, but 
to lack of observation, or to the exercise of an undisorminating 
judgment. 

Firat jet os tarn to the higher class of investigations, wharein 
that handmaid of science, a troe and noble imagination, comes to 
supplement exact knowledwe, to round out aud give full fori 
and pwrfect outline, either shaping a aumber of disjointed and 
apparently heterogeneous facts inte a harmenious series, of evolv- 
ing from oo mass of confusing and seemingly inexplicable phe: 
nomen a theory or law consistent therewith, 

li thie domain Professor Ferrel’s book on Winds is probably 
the most important theoretical meteorological discussion of the 
post year, Tt owes ite value to the fact that it pute into compar- 
atively simple and popolar form the processes and resulta of bis 
intricate mathematien) investigations of the motions of tho air, 
published by him years sinee, and later elaborated during bis 
service with the Signal Office, 

In connection with the anbject of winds, Professor William M. 
Davis has formulated an excellent classification, depending firet, 
on the ultimate source of the energy causing the motion ; second, 
en Lemperiture contrasts which produce and maintain winds; 

FOL. O, 4 


a) Nitional Geographic Magazine, 


and third, on their periodicity and the time of the frst appear- 
anee of the motion, 

Professor Hussell, appropriately it seems to me, remarks 
regarding the lnmistide winds, that avalanche would he a better 
term than landslide as applied to winds aseocinted with fallen 
masses of enrth or snow. 

With the enormous amounts of scentanlate! tabulated matter, 
and nomercus studies learing on ikolated metesroligical phe- 
nemenn, it if a specially important consideration that some 
students pay constant attention to the investigations of the laws 
af storms, From seh researches definite advances in theo- 
retical metwordlogy may be made snd fixed laws determined, 
which may be of practical utility with reference to the better 
forecasting of the weather: In the United States Bignal Office, 
Professor Abbe has brought together the results of his studies 
and investigations for the past thirty years, under the title, 
“Preparatory stadies for Deductive Methods in Storm and 
Weather Predictions.” This report will appear as an appendix 
to the annual report. of the Chief Signal Officer of the army, 
Professor Abbe finds that the source and maintaining power of 
storms depend on the absorption by clouds of solar heat, and in 
the liberotion of heat in the clond during the subsequont proeipi- 

tation, which, as he endeavors to show, principally influences the 
movement of the storm-contrye, 

In this method one takes a chart showing current -metoora 
logieal conditions, and the permanent orographio features of the 
continent; lines of equal density are also drawn for planes at 
severn) elevations above sea- level, ‘On these latter, and on the 
lines of the oregraphic resistance, are baced intermediate lines of 
flow, which show where conditions sre favorable to cooling and 
condensation. ‘The amount of condensation and ite character, 
whether rain or snow, are estimated by the help of the graphic 
diagram. Numbers are thus furnished thot eon be entered on 
the chart ood show at oneo the charketer of the new centre of 
buoyancy, or the directions and velovity of progress of the cen- 
tro of the indraft and the consequent low harometer. 

It-ia hoped that this work of Professor Alibe's may be, as he 
anticipates, of great practical as well os theoretical value, Steps 
ara being taken to test the theoretical scheme by practical and 
exhaustive applications to current work. 
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Tiesserene de Bort has continned his work, of improving 
weather forechats for France, by studying the distribution of the 
great and important centres of high pressures, which prevail wren 
erally over the middle Atlantic ocean, and, at certain periods of 
the year, over Asia, Europe, and North America, His studies 
have procemdod on the theory that the displacements: of centres 
of high pressure, whether in Asia, over the Azores, near Ber- 
muda, in North Ameries, or in the Polar regions, set up a series 
af secondary displacements, which neoeksarily cause storm cen- 
tres to follow certain routes, M, de Bort concludes that a daily 
knowledge of the relation of these centres and their areas of dis- 
placement will eventually enable skilled meteorologists to deduce 
the position of unknown and secondary centres, He haa endeav- 
oped to reduce these various displacements to a series of types 
and has made very considerably progress in this classifiention. 
Daily charts covering many years of observations have been pro 
pared, ond these separated, whenever the characteristics are 
sniticiently pronounedd, inte corresponding types. This-plan of 
forecasting necessitates: extended meteorological information 
daily »which France obtains not only from Russia, Alweria, Italy 
and Great Britain, but, through the <¢odperution of United 
States, from North Amerien. The daily information sent hy the 
Signal Office shows, in addition to the general weather over the 
United States ond Canada, the conditions on the western half of 
the North Atlantic ocean, as determined br observations made. 
on the pruat steamships, and furnished voluntarily by their 
officers to the Signal Office through the Hydrographic Office and 
the New York Herald weather bureau, 

The atudy of thunder storms bas received very ¢laborute mand 
exteneive consideration, M, Ciro Ferari in Italy finds that 
almost invariably the storms come from directions between north 
and northwest, the tendency in northern Italy being directly 
from the west, ‘nnd | in the more southern sections from the nerth- 
west, The veloeities of storm movements are muuch ereater 
from the west than from the east, considerably ndre so in the 
centre and south of Ttaly than in the north ; and in the months, 
largest m July. 

The velocity of propagation increases with greater velocities: 
of the winds accompanying the storms, with also greater attend- 
ant electrical intensity. The front line of propagation while 
more often curved, is sometimes straight and sometimes sipzag, 
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and appears to undergo a series of successive transformations, 
more or less affected by the topographical nature of the country 
passed over. 

Forari thinks their principal cause is to be found in high tem- 
poratares coincident with high vapor pressures, ‘Thunder storms, 
he considers, are exsentially local phenomens, superposed on the 
gonera! atmospheric plenomena. A principal general couse of 
thunderstorms in [raly is the existence of a deep depression in 
northwest Europe, with a secondary depression in Italy depend: 
ent on the first, This secondary feeble aren remains for several 
days over upport Ttaly, and nearly always ie followed by thunder 
storms. Minimum relative humidity precedes, and maximum 
follows a storm, while the vapor pressure conditions are exactly 
reversed. Ferari notes, as one matter of interest, the passace of 
fully developed thumler storms from France into Italy over 
mountains 4,000 metres (13,000 feet) in elevation, 

Dr, Mover, at Gottingen, hax investigated the annual periodic 
ity of thunder storms, while Carl Prohaska lias male a statistics! 
study of similar storms in the German and Austrian Alps. ‘The 
latter writer thinks they aro most likely ta oveur when the 
barometer is beyinning to rise after a fall, this resembling heavy 
down-pours of rain. 

In connection with Schmuachers theory on the origin of than: 
der storm electricity, Dr. Less has been able to satisfactorily 
answer in the affirmative an important point in the theory, aa to 
whether the vertical decrement of temperature 16 especially 
rapid, Leas finds evidences of very rapid decrement of tempera- 
ture during thunder storms, us shown by the examination of 
recorda of 120 stations for ten venrs. 

Mohn and Hildebrandason have alen publishel a work on the 
thunder storms of the Scandinavian peninsula. The rise in the 
barometer at the beginning of rain, they agree with Mascart in 
attributing largely to the formation of vapor and the evaporation 
of moisture from rain falling through relatively dry air. 

A. Croffine has diseused thunder storms at Hamberg from 
observations for ten yours, He believers that all such storme are 
due to the mechanical joteraetion of at least two barometric 
depressions 

As a matter of interest bearing on the miuch distassed phe 
nomena of globular lightning, an incident i# recounted by F. 
Roth, where a man feeding a horse was struck by lightning and 
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lost consciousness. The mon «tates that be felt so shock, but 
was snddenly enveloped in light and that a ball of fire the 
sine of his fist, traveld along the horse's neck. This points to 
the fact that “ball” lightning ix probably a physiological phe- 
rcormetienes. 

In view of the reeent extended interest in the question. a= to 
whether the climate of the [nited States is permanently changing, 
it should be remarked that this question has lately been under oon- 
sideration with regard to Europe. Messrs. Ferrel, Richter, Lang, 
Bruchen aid others conclude, from an examimation of all avail- 
able data, that there is no permanent climatic change in Karope. 
In connection with this discussion in Europe, long series of 
Vintage records, going back to the year 1400, haye boen used, 
Apart from the ocean borders, extensive simultaneous climatic 
changes occur over extend! areas, which changes—as might be 
expected—are mere accented in the interior of the continents, 
These changes involve barometric pressore, rainfall and tempera- 
tire, which all recur to that indelinite and eomplex plenomencn — 
the variation in the amount «f heat received by the earth, The tdeo 
is nvanced that these oselllations have somidwhat the semblanes 
of eveles, the porind of which is thirty-six years. Tt may easily 
be qtestioned, however, in.view of the fragmentary and hetern- 
gencous character of the data on which this pssumption 1 based, 
whether the error in the observations is not greater than the 
rangy of variation. Blanford, in one of his. discussions, has 
pointed out that the temperature or rainfall data in Indin can he 
Hoare we to give acycle with « period of almoqt any num- 
ber of yours, but, unfortunately, the possible error of observation 
is greater in value than the variations. 

As to the United States, it is pertinent to remark that the 
Signal Office is in posteksion of femperitare ohservitions in 
Philadelphia, covering a contindous period of one hundred and 
thirty-two vears, “The mou onus! temperature for the jist ten 
years is exactly the <ame as for the entire prectiod, 

There have been oriticisms im years past that the climatological 
eonditions of the United States have not received that care and 
attention which ther importatice demanded, Much has beon 
done to remedy defects tn this respect, although, as is well known 
here in Washington, the general law which forbids the printing 
of any works without the direet suthority of Congress, has been 
an obvious bar to preat activity on the part of the Signal Offer, 
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Within the year the rainfall conditions of twelve Western States 
and Territories have been published with elaborate tables of data 
and fifteen lange charta, which eet forth in considerable detail the 
rainfall conditions for that section of the country. In addition 
the climatic characteristics of Oregon and Washington have been 
graphically represented ; and rainfall maps,—unfortunately on 
a small scale—have hoon prepared, showing for cach month, the 
average precipitation of the entire United States, as determined 
from obssrvations covering periods varying from fifteen to elgh- 
TEA VOars, 

In Missouri, Professor Nipher has prepared sormal rainfall 
charts for that State, unfortunately on rather a small scale. In 
New York, Professor Foertes, and in Michigan, Sergeant 
Conger, of the Signal Serviec, have commenced maps showing, 
by months, the normal temperatures of their respective States on 
map! of fairly open seale, Work of a similar character has been 
cared on in Pennsylvania under the supervision of Professor 
Blodget, well known from his climatological work, In other 
directions and in other ways, work of a similar eharagter i¢ in 
progress, 

Without doubt too much i anticipated from pending or pro- 
jected irrigation enterprises in the very arid regions of the West. 
Theeo onwarranted cxpectations must in part result from a failure 
on the part of the investors to consider the general question of 
these enterprises, in its varied anponts, with that sctentifie exact. 
ness eo essential in dealing theoretically with extended snbjects 
Mf aieh great importance, 

Everyone admits tho oarrectocss of the statement that the 
amount if water whieh flows through iratoge chonnels to the 
sea, CAnnotexcand the amount which has evaporated from adjacent 
oceans and fallen as precipitation on the band, Further it is pot 
to be denied that the quantity of water available in any way for 
irrigation must be only a very morlerate percentage of the total 
rainfall which ecvurs at clevations whore, and perhaps it may bit 
stated conmudenntly ahooe, that of the lam) to be benefited, 

Elsewhere it might Ie appropriate to dwell in detail upon the 
importance of cultivated land in serving as a reservoir which 
pirts slowly with the water fallen upon or diverted to it, and in 
avebinge thie quik and wasteful driinage which obtaine in sections 
devoid of extensive vegetation or cultivation; and also that 
water thustaken up by cultivated lands must later evaporate and 
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may again fall us.rain on other land, But the pertinence of 
meteorological investigations in connection with irrigation and 
this annual address, relates much more direetly to important 
quentions of the manner by, nnd extent to which, precipitation 
over the catchment basina of the great central walleys fails to 
return in direct amd visible form, through the water courses, to 
the Galf of Mexico, 

The inter-relation of rainfall and river outflows is one of poou- 
liar interest, in connection with the important matter of irriga- 
tion how under consideration in this country. | 

Probably more attention bas been paid to this subject in the 
valley of the Seine, by Belgrand and Chateaublane, than in any 
other portion of the globe, One of the curions outeqines of Chat- 
eaublanc’s observations, is ono bearing on the maximum value of 
the foods in the Seine for the cold season, from October to May, 
by which he says that the reading of the river gange at Port 
Royal is equal to 12.7 minus the number of deeimetres of rain- 
fall which has fallen on an average Ubroughout the catebment 
basin during the preceding year. This curiously shows’ that the 
intensity of the winter floods of the Seine is inversely propor. 
tional to the quantity of rain of the preceding year. 

Sometime mince, John Murray, Eeq., in the Scottish Geographio 
Magaziny, treated generally the question of rainfall and river 
outilows, The annual rainfall of the glohe was ostimated to be 
46,250 eubic miles, of which 2,443, falling on inland drainage 
areas, such as the Sahara desert, etc, evaporate. The total 
aunual dixcharge of rivers was estimated at 7,270 enbie miles, 
In the ease of European drainage areas between a third anda 
fourth of the rainfall reaches the sea through the rivers, "The 
Nile delivers only one thirty-seventh of the ‘rainfall of its catch. 
ment basin, while teopical rivers in general deliver one-fifth. 

The Saale over of Germany, from late data based an 45 rain 
fall stations in ite catchment bawn, during the years Te to 
eso, discharged 20 per cent. of its rainfall. 

Daring the past year Professor Rossell, of the Signal Office, 
has determined carefully the minfall and nver outflow over the 
thost important part af the United States, the eutire eatehment 
basin of the Mississippl river anc ite tributaries, This work was 
dont a4 preliminary to form lating Files for foreeasting the 
stage of the water several days in advance on the more import- 
ant of the western rivers in the Onited States, ‘The river out- 
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flows at various places on the Mississippi and Miseourt and Ohio 
rivers, were tabulated from data given in the roporte of the 
Mississippi and Missourt River Commissions. The tables were 
largely derived from the results of the mossurement of current 
velocition As gauge readings were taken at the time of dis- 
charge or outilow measurements, the discharges or outflows can 
be told approximately at other times when only the river gauge 
readings are known, The results for the outflow of rivers 
derived from measirements made under the vupervinion af 1 liesses 
commissions, are of a high order of accuracy, and it is not prob- 
shle that the results deduced from the gange readings are much 
inerror, OF 148) and 1882, during which years measurements 
were mnde, 1641 was a year of great flood in the Missouri river, 
while the Mississippl river was not flied. The year 1682, on 
the other hand, was marked by # great flood io the lower Misst- 
sippi river, with a stage in the Missouri much above the average. 
The rainfall in the six great valleys of the Mississipy, during the 
entire youre 1821 and 1683, was charted from all obeervations 
available, and its amount in cubie miles of water calewlated with 
the aid of a planimoeter. 

In connection with this investigation, and as a matier of value 
in showing the forces which are in operation to affect the niver 
outflow, the fietitions or possible evaporation of the six great 
valleys referred te were calenlated, in enbie miles of water, from 
July, 1887, to July, 1868, and alto the average amounts of water 
in the air as vapor, and the amount required to saturate tw ate 
in the same valleys during the same period. 

During the year 1882, the searof great flood in the lower 
Mississippi valley, the outiow ot Red River Landing, La, was 
202.7 ‘cule milim, of which the upper Mississippi river above St. 
Louis furnished 16 per cent, the Ohio 43, and thy whole Missouri 
above Omaha, 4 percent. ‘The upper Missouri valley (that is, 
from the mouth of the Yellowstone up te the soares), atl the 
middle Mixecuri valley (from the mouth of the Platte to the 
Yellowstone), each furnished only aloat 2 per cent, of the entire 
amount of the water which passed Hed River Landing, The 
lower Missiesippt valley, including the Arkunnas, wte,, furnished 
av per cont. 

During March, April and May, 1882, the time of Lighwst stage 
of the water of the lower Mississippi, the outflow at Hed iver 
Landing and through the Atchafalya measured 82.7 oubie miles, 
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During this time there flowed through the upper Mississippi 
river above St. Louis, 14 per cent. of the amount; through the 
Ohio, 38 per cent. and through the Missouri 6 per cent.; while 
the rivers of the lower Mississippi valley contributed 41 per 
cent. The water that passed Omaha was 1.92 cubic miles, or 2 
per cent. of the flow of the whole Mississippi during the same 
time. The water which flowed from the upper and middle Mis- 
suri valleya during March, April and May, 1842, was for each 
valley, probably only: | per cont, of the water that flowed through 
the lower Mississippi river. The flood of the lower Mississippi 
was undoubtedly due to the great discharge of the Ohio, supple- 
mented by heavy river inflow below the mouth of the Olio, and 
the unusually heavy rainfall in the lower Mississippi valley. 

The ratios of river outflow to rainfall over the catchment 
hosing, as derived by Professor Russell from the two years’ ob- 
servations, 186] and 182, were as follows - 

Upper and Middle Missouri valleys, shout 345,000 square 
miles, 13 per cant. 

Lower Missouri valley, shout 210,000 square miles, 12 per cent. 

Entire Missourt valley, about 545,000 square miles, nearly 13 
per cent. 

The upper Mississippi valley, about 172,000 square miles, 33 
per cent. 

Obie valley, about 219,000 square miles, 40 per cent, 

Lower Mississippi valley, about $43,000 square miles, about 27 
per cent. 

The above percentages, while showing the averages for two 
entire years, and so of decided value, are not to be depended 
upon for special years or months, For instance: in the Ohio 
valley in 1881, the outflow was 33 per cent., while in 1882 it waa 
$0 percent,, and as the rainfall in 1899 was 180 cobic miles 
airninst 18) cube miles in 1881, it appears evident that a much 
greater proportional quantity of water reaches the rivers during 
seasons of heavy riinfalls than when the precipitation is moder: 
ate orsranty, — 

Evaporation i¢ also a very potent cause in diminishing river 
outflow, and as this depends largely on the temperature of the 
air and the velocity of the wind, any marked deviation of these 
meteorological elements from the normal, must exercise an im- 
portant influence on the ratio of outflow te rainfall. 
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In connection with Professor Hussell's work it is desirable to 
note that Professor FP, EK. Nipher has lately wade a report on the 
Missourt rainfall based on observations for thy ten years ending 
December, 1887, in which he points out a8 an interesting eoinei- 
dence that the average annual Qischarge of the Missouri river 
closely corresponds in amount to the rainfall which falls over 
the State of Missouri. From Professor Niphor’s figures: it 
appears that the discharge of the Missouri river in the ten years 
ending 1887, was yrentest in 1841 and next greatest in L882, #0 
that the averages deduced from Professor Russell's report of the 
outilow of the Missouri are too large, and should be somewhat 
rediced to-conferm to the average conditions, In different vers 
the average of the discharge in the ontiiow of the Missouri 
yiries largely, a9 isevidenced by the faet reported by Professor 
Nipber, that the discharge in 1870 was only 56 per cent, of the 
outflow in 1881. 

In Sew South Wales, onder the supervision of H, C, Russell, 
Eeq., government sstronomer, the question of rainfall and river 
discharge has alyo received eardful attention, especially in con- 
neetion With evapanition. The observations at Lake George are 
important, owing to the shallowness of the lake (particularly at 
the margin); its considernhly surface area (eighty aquare miles), 
ita modgrate elevation (2,200 foot), and the fact that it is quite 
surrounded by high lands, (hswrvations af the fluctuntions of 
this lake have been made from 1885 to 1888, inclusive. In the 
lutiter year the evaporation was cnormons, betng 47.7 Inches 
qrainest a rninfall of 23,9 and an instramage of 6.3 tches, so that 
the total loss in depth was 18.4 inches for the year, [ft appears 
that the evaporation in different years on this lake varies as 
mach as 50 per centum of the minimum amount According to 
Rossel] the amount of evaporation depends largely on the state 
of the soil, going on much faster from a wet surface of the 
ground than from water: with dry ground the conditions are 
reversed, In 1887, the ontilow from the basin of Lake George, 
the drainage from which is not snbject to loss by long river 
chatinels, was only 3.12 pwr contum of the rainfall. 

In the Darling river, above Bourke, says Hussell, the rainfall 
i mensured by 219 ganges, The average river discharge, 
deduced from observations povering seven yours, is only 1.45 per 
centum of the rainfall, and in the wettest year known the dis- 
charge amounted only to 2.99 per centum of the rainfall, and has 
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been a8 low as 0.00 per centum in a very dry year, In the Mur- 
ray basin the average discharge relative to the rainfall is esti- 
mated to be about 27 per contum from a record. of seven years, 
and hag risen s¢-high as 30 per centum im a flood ywar. 

Tn connection with the regimen of rivers, it appears o proper 
occasion to again refute the popular opinion that the spring and 
summer floods of the Missoun and Mississippi valleys result from 
the melting of the winter snowe. ‘This is an erronesus impres- 
sion which I have combatted since 1873, when my duties 
required a study of the foods of the entire Mississippi catchment 
basin, It is only within the last two years, however, that the 
meteorological data has bwen in such condition that the opinion 
put forth by me could be verted, namely : that the floods of the 
Inte spring and early summer owe their origin almost entirely to 
the heavy rains humediately before and during the flood period, 
Qveeomonully a very heavy fall of «now precedes oxtended gen- 
eral rains; but in this ease the snow is lately fallen and is pot 
the winter precipitation, 

Referring to the Missouri valley, the section of the country 
where the winter snowfall hws been thought to.exercise 4 domin- 
ating influence in floods, it has elsewhere been shown by me that 
about one-third of the annual precipitation falls over that valley 
during the mouths of May and .une, In either of the months 
named the average precipitation over the Missoun ‘valloy i 
greater than the entire average precipitation for the winter 
months of December, January and February, 

Wowkoff thinks that the snomalies of tumperatures shown ip 
forest regions, particalarly in Grasii—with ite abnormally low 
temperatures, are due to heavy forests promoting evaporation, 
and by causing thu prev alone of ecompaoving fogs thas pre 
vent more intense inselation, He considers this an argument for 
the maintenance of forests to sustain humidity and distribute 
rain over adjacent cultivated land, as well a3 to maintain the fer- 
tity of the soil, whieh diminishes rapidly by washing away of 
the sail after deforestation. 

W. Koppen has devised a formula for deriving the true daily 
temperatore from 5 a. a, 2p. Mt. and 8p. wt. observations in oon- 
nmeetion with the minunum tempernture, in which the minimum 
hos a variable weight dependent on place and month. The 
results of Koppen’s formula tested on six stations in widely dif- 
ferent latitudes, indicate that it is of value. 
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Paulten's disemaion of the warm winter winds of Groenland ia 
interesting, ‘These unesnal storm conditions last three or four 
days, or even longer, the temperature being at times from 35° 
to 40° Faber. abowe the normal, and they appear principally with 
winds from wortheast to southeast, which Hoffmeyer believes to 
he fodin winds, Paulson contends that the extenmve region 
over which these winds occur make the focinm theory untenable, 
and that a more reasonably explanation of these winds ix to be 
found in the course of low areow passing along the const or over 
Greenland. This appeare evident from the fact that not the 
easterly winds only bat the southerly winds share this high tem- 
peratore, and that as low areas approach from the west, at first 
the regions of the Greenland const within ite influonee have 
south te southwest winds. 

The question of wind preesres and wind velocities isn thost 
important one in these days of great engineering problems, par- 
ticularly in connection with the stability of bridges and other 
large structures, 

Experimental determination of the constants of anemometric 
formule have recently been made both in England and this 
country. From results obtained in the English experiments it 
was concluded that the very widely used Robinson ancmometer 
if not as satisfactory amd roliahiy an instrument as a different 
form of anemometer devieod ty Mr, Dines, ‘These conclusions, 
however, are not sustained by the American experiments, which 
were made by Profesor C, FL Marvin, Signal OMiee, by means of a 
whirling apparatus, and ander the most favorable citeumstaners, 
which yielded. highly satisfactory results. Professor Marvin bas 
lately made very careful open air comparisons of anetoomueters pre- 
viously tested on the whirling machine, which have shown that, 
owing in part to the irregular and gusty character of the wind 
movement inthe open air, taken in connection with the effects 
arising from the moment of inertia of the cups, aod the length 
of the arms of the anemometer, the constants determined by 
whirling machine methods need slight corrections and alterations 
to conform to the altered conditions of exposure of the imstru- 
mente in the open aie, “This latter problem in now being experi- 
mentally studied at the Signal Offiee, and final results will soon 
be worked out, 

Professor Langloy has also made very elaborate observations 
of prea rm TT polouine ood other surfaces Loclined to the narnia, 
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which it is believed will prove important contributions to this 
question, but the reenits have not yot bewn published. It is im- 
portant in this connection to note experiments made by Cooper 
on the Frith of Forth Bridge, where a marface of 24 square 
metres, during a high wind, experienced a maximum pressure of 
134 kilogrammes per equare nutre, while a surface of 14 square 
decimeters showed, under similar conditions, 200 kilogrammes per 
aqnare metre, by one instrument, and 170 by another. ‘The opin- 
lon expressed by Cooper that in general the more surface ex- 
posed to the wind, the less the pressure por unit of surface, seems 
reasonable, and if verified by more elaborate experiments must 
have an important bemring. 

There are questions in connection with which oven negative 
rowults are of an important character, particularly when such re- 
sulte are quite definite, aml tend to remove one of many anknown 
elements from physical problems of an intricate character, In 
this clase may be placed atmosphere electricity, with particnlar 
reference to its valuc in connection with the forecast of coming 
weather, The Signal Offee, through Professor T.-C. Menden- 
hall, a distinguished sclentist peculiarly fitted for work of this 
¢eharnetwr, has been able to carry out & sertes of observations, 
Which hive received from him careful attention, both as to the 
conditions wider which the olmervations were made and in tho 
elaboration of methods to be followed. 

Professor Mendenhall also sopervised the reduction of theay ob- 
servations, and after careful stady presented a full report of the 
work to the National Academy of Sciences, in whose proceedings 
thik detailed report will appear. Professor Mendenhall saya, 
“Taking all the facts into consideration, it qeema to be proved 
that the electrical phenomena of the atmosphere are generally 
local in their character, They do not promise, therefore, to be 
ueefnl in woather forecasts, although a close distribution of a 
large number of ohbewrvers over a comparatively small area would 
be aaeful in removing any doubt which may still exist as to this 
question.” It may be added that Professor Mendenhall’ conclu. 
siond bear out the opinions express! to the speaker, im a diseua- 
aon of thia question, by Professor Maseart, the distinguished 
physicist, 

It haa been generally admitted that the aqueous vapor in the 
atmosphere plavs a most important part in bringing about the 
formation of storms and maintaining their energy. It has been 
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frequently commuonted on hy the forecnst officials of thé Signal 
Serview, that storms passing over the United States were in gene- 
ral preceded by an increase in molsture, but unfortunately little 
effort had been made on the part of previous investizators:to de 
termine any quantitative relation between the actoal humidity 
and the amount of precipitation or ite relation to the storm move- 
ment, It has long been regretted that the direct relations of this 
to other motearlogical phenomena Were tol more fully defined. 
Doring the past year Captain James Allen, of the Signal Office, 
hos endeavored to apply the results of his investigations and 
theories to the practical foreensts of storm conditions, Captain 
Allen hos corefully studied the relations of the potential energy 
of the surface air, os represented by the total quantity of best it 
contained, to the movement of storm centres and the extent of 
accompanying tam areas. In his first investigations the potential 
energy per cubic foot wos estimated as follows: Supposing the 
wr to‘haye been originally 32° and the moisture in it aa water at 
da") the total quantity of heat applied to reduce to the state of 
observation will be aa, Q in whieh A is total heat per 
unit volume ; fis the temperature of the air, () the total heat of 
vapor, and the spweitic heat of air at constant volome being 
taken a8 one-sixth (.168). From Regnault’s formula we have 
Q— 1081.7 + .305(f—32). 

For the mechanical equivalent we have J— 773A. Tf we 
divided by the pressure estimated im pounds per square foot, it 
will give the height through which the pressure can be lifted if 
all the host is spent im work by expanding the air, 

An approximate expression for the upward velocity V may be 
obtained from Torrecelli's theorem from which we have V'=2eA, 
Ain this cose being being the hewht through which the pressure 
would be lifted if all the heat is spent in work. The theory has 
been that the storm centre will move over that section of the 
country where V is the greatest, and that the time of occurrence 
and amount of ratn have a relation of conformity to the changes 
m @ and ite actual amount. 

Auxiliary charts were also made showing for each station the 
following following values of Q: 

Ist. Highest Q not followed by rain im 24 hours. 

2d, Greatest plus change in Q not followed by rain in 24 hours. 

ad. Lowest value for Q followed by rain in 12 hours, 


(reography of the Air. He 


A tentative application of the theory dunog Devember, 1850, 
haa piven very encouraging results, Tho problem can be ape 
proached in many different ways, but the basis of the solution is 
the determination of the actual energy of the air, both potential 
and kinetic, as well as differences of potential, 

Probably the most important event of the past year to gene. 
ral meteoroluwioal students has been the publication of Part I, 
Temperature, and Part JI, Moisture, of the Bibliography of 
Meteorology, under the supervision of the Signal Office, and 
edited by Mr. O. L. Fassig. The two parts cover 6,500 titles ont 
of a total of about 60,000, This publication rendore it now possi- 
ble for any investigator to review the complete literature of 
these subjects, not only with a minimum lows of time, but with 
the advantage of sup plementing, his own work, without duplica- 
tion, by the investigations of bis predecossors, Tho publication 
is a lithographic reproduction of a type-written copy, the only 
available method, which leaves much to be desired on the erounda 
of appearance, apace and clearness, 


The experiments of Crova and Hondaille on Mount Ventoux, 
alevation 1,007 metres, and at Bedotn, 100 metres, are of more 
than transient interest since they fix the solar constant at a height 
of 1,007 metres, at about three calories ; agreeing with the value 
obtained by Langley on Mt. Whitney, Cal. 

With this brief allusion to the Important plenorenn of sut- 
heat, whereon depend not only the subordinate manifestations 
perthining to this section, but those relating to all other depurt- 
ments, this report may appropriutely close, 
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Socrerr. 
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REPORT OF AUDITING COMMITTEE. 


December 27, 188. 
To the National Geographic Society: 

The undersigned, having been appointed an auditing commit- 
tee to examine the account of the Treasurer for 1840, make the 
following report : 

We hive examined the Treasurer's books and tind that the re- 
ceipts as therein stated are corréctly reported, We have com- 
pared the disbursements with the vouchers for the same and tind 
them to have been property approved and correctly recorded 
We have examined the bank aveount and eompared the vhecks 
aooompanving the same, We find the balance (beside the aom 
of $750.25 invested in real extate-note) as reported by the Treas. 
urer ($63.82) consistent with the balance as shown by the bank- 
book ($82.52), the difference being explained by the facet that 
there are two outstanding checks for the sum of €14.00 not yet 
presented for payment. 

Bamey Winns, 

KR. Boesre, Jr, 

Wit.akgn 2. Jounxses, 
Auittng Cenunittes, 
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REPORT 


OF THE 


RECORDING SECRETARY. 


The first report of the Secreturies was presented to the Society, 
Dotember a6, 1658, At that time the Society bad a total mem- 
bership of 200, Since that date this membership has been in+ 
creaacd by the election of 20 new members ; it has been decreased 
by the death of 3 ond by the resignation of 1 The net increase 
in membership ik thas 1 and the present mombership is 228, in- 
cluding 8 life members. ‘he deceased members are, Z. L. White, 
G. W. Dyer and Charles A. Ashbarner, 

The number of mevtings held daring the year was 17, of which 
15 were for the presentation and diseussion of papers: one was 
field meeting held at Harper's Ferry, W. Va., on Saturday, May 
1, 1889, and one, the annual meeting, The average attendance 
was alwmt 65, 

The publication of a magazine bean Inet year, has been con- 
tinned, and three widitional numbers have been published, being 
Nos. 29,3 and 4 of Vol, L Copies of the numbers have been 
gent to all members anid also to about 7a American and foreign 
scientific societios and other institutions interested in Geography. 
As acresalt the Society is now steadily in receipt of geographical 
publications from various parte of the word, 

Respectfully submitted, 
Henny Gannett, Mecording Secretary, 
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ABSTRACT OF MINUTES. 


Noe. £, 1889, Tiventy-seventh Meeting. 


A paper was read entitled, “Telegraphic Determinations of 
Longitudes by the Bureau of Navigation,” by Lieutenant J. A. 
Norra, U.S.N. Pubdivted m1 the Mational Geograpiic Maga- 
sind, Vol 2, Wo, 1. 


Now. 15, 1889. Tnentyoighth Meeting. 

A paper was read by Ensign Everett Hayden, 0. 8. N., en- 
titled, “Law of Storms considered with Speetal Heference to 
the North Atlante,” Wlustrated by lontern slides, Tt was dis- 
qussed by Messrs, Greely and Hayden, 


Now, 29, 1889, Tinenty-anith Meeting. 


A paper was rend by Mr. AH. AL Wilson entitled, “The Irriga- 
tion Problem in Montana,” Diseuselon was participated in by 
Messrs. Dutton, Greely and Wilson, 


Dee, 18, 1888. Thivtieth Merting. 
The paper of the evening was by Mr. LUC. Hessel upon “A 
Trip up the Yukon River, Alaska,” and was ilinstrated by lan- 
tern slides, 


Dee, 27, 1888. Therty-test Mecting—2d Annual Meeting. 


Vice-President Thompson in the chair, The minutes of the 
first annual meeting were read and approved. Annual reporta of 
the secretaries and treasurer and the report of the auditing com- 
mittee were presented and approved. The following officers were 
then elected for the suctweding year : 


iss Nittional Geogruphio Maguzine, 


Preadeni—iaAnDINER G, AtvebaRrn, 

hice-Preideofs—Honetr G. Ones, flond); Eveexrr Harpe, 
[den] > A. W. Gnemvy, fair] + 0. Hanr Mennias, [life]; A. H. Toome- 
Bo, [OFT] 

Trrawurer—CHaaies J. Bens. 

Recording Secrefarg—Hexay GAanserr, 

Corresponding Secretary—O. FH. Tira ans, 

Monagerre—CLEVELASD AnRE, MAkcUs Baki, Rourns Bimstz, JE, 
G. Brows GoobE, W. D, Jonxsos, (. A, Kexastos, W, B. Powrun 
and Jawes C. WELLING. 


dane f0, (0, Thirty-scoina Meoting. 

The annual reywrte of View-Presidents Ogden and Greely were 
presented. PrAlished in the National Geographic Magazine, 
Fal. 2, Ne. t 

dan. 24, (890, Tharty-thind Meeting, 

A paper was tread entitled, “The Hivers of Northern New 
Jersey,” with notes on the “General Classification of Hivers,” 
by Professor William M, Davis, The subject was discussed 
by Mesara. Davis, Gilbert and Meteo. 


Feh, 7, 1890. Thirty-fourth Meeting. 

The annual report of Viee-President Merriam was presente, 
A paper on “ Bering’s First Expedition,” was read by Dr. W. BL 
Dall, 

Feb, 2)xt, 890. Thirty fffth Meeting. 

Held in the Lecture Hall of Columbian University. The annual 
addreas of the President, Mr. Garidimer G, Hubbard, was deliv- 
ered, the subject being “Asia, Its Past and Future.” Published 
in *Setence,” Vol. VV, No, $71 


Feb, 26th, 1890, Special Meeting. 


Held in the Lecture Hall of Columbian University. A paper 
was read ty Lieut, Com'dr Chas, H. Stockton, U.S, N., entitled 
“The Arctic Cruise of the Thetis During the Summer and 
Automn of 1&80,° which was iluetrated by lantern slides. 


March 7th, 1890, Thirty-wirth Modting. 
A paper was read by Mr. Romyn Hiteheook, entitled "A 
Glimpse of Chinexe Life in Canton,” 


OFFICERS. 


1aoo. 


GARDINER G. HUBBARD. 


Pice-Preaidenta, 
EVERETT HAYDEN. 
A. W. GREELY. 

C. ELART MERERLAM, 
A. H. THOMPSON. 


Treasurer. 


Secrvfaries. 
BENERY GANNETT. QO. EL TIPTarann. 
Afinagers, 
CLEVELAND ABBE, W. D. JOHNSON, 
MARCUS BAKER. (. A. RENASTON., 
ROGERS BIRNIE, Je. W. B. POWELL. 


G. BROWX GOODE. JAMES C, WELLING. 


MEMBERS OF THE SOCIETY. 


a, Grleicad) mann bere. 
1. ihe cen ern. 
In cases where no elty id given in the wdiires, Washington, 0, C., is to be under. 


Anne, Pror, CLevecasp, a, f, 
Army Signal Office. 2017 I Street, 
Aner, &. T.. 
1008) Pennsylvania Avenue. 
AWERS, JEREMIAH, 
Geological Survey. 84 Tenth Street. 
Aces, Dn. J. As, 
American Museum Natural History, New York, N.Y. 
Arnis, & A., die, 
Geological Survey, 1913 BR Street. 
Arnicn, Cirrorn, a, 
Ciealogical Survey, 11591 Fourteenth Street, 
*Asunvenick, Prove, Cnamrces A. 
Acrmisson, W, TL, a, 
Gedloricul Stover. 24) 4) Street. 
Avra, Miss &, C., w, 
fit A Street SE. 
Baxer, Poor. Frank, a, 
Life Suving Service. 115 Corcornn Street. 
Barr, Manors, «, 
Geologies! Survey, 1905 Sixteenth Street. 
Baruwm, H. Lo on, a, 
Gedlogical Survey, 125 Sixth Street NE. 
Banciay, A. C., 
Geological Surver, 1912 G Street, 
Barkan, E. O., a, 
Geological Survey. 1778 Mastiachusettie Avenue, 
Bantie, EK. F.. 
Mi Virginin Avonue SW. 
Barrier, Comme, J, Ry U.S. Nisa, 


Members uf the Society, 71 


Baxteerr, PV. §., 
Geological Survey, #5 Seventeonth Street. 
Basser, C. C., a, | 
Geolovinal Survey. 929 New York Avenue, 
Bent, A. Granram, a, 
Lik Nineteenth Street, 
Bent, Coas. J. a, 
1437 Pennsylvania Avenue. 12/5 Nineteenth Street, 
Beaxavov, Ens d. G. U.S. -§i, 
CHfire of Naval Intelligence, 1 F, Street, 
Biex, Jonas, a, 
. 10 Duane Street, New York, NM. ¥. 
Ties, Moi, a, 
Genlogicol Survey. Takoma Park, D, 0, 
Brexis, Carr. Hoorrs: Je. U.S. AL a, 
Crinmonee Offer, 1941 New Hompahire A venus, 
Hiain, H. E., a, 
Cielogical Survey, 1d] F Street, 
Biuomwncrtr, dawns H., 4, 
Census Offer, 1297 Miaaachusett= Avenue, 
BRoorisa; §. FL. a 
Geological Survey, 08 B Street NE. 
Bogren.e, Carr. C. 0. a, | 
Cont anil Geodetic Survey, 105 Fourth Street NE. 
HReenr. L, D,, 
Geological Surver, 1741 F Street. 
Reewin, H. (., a, 
Hydrographic Office: Meridian Avenue, Mt Pleasnmnt. 
Brown, Miss E. V., 
1412 RB Street, 
Burros, Prop A. E., a, | 
Mumachusetts Institute af Technolgy, Bos 
Crupesren. 2%. Ti, a, 





to, Maes, 


TO FF Stireet. 1009 Thirteenth Street. 
(Cnartas, KR, H., #, 
Geological Surver. 1207 L Street. 
Coataro, De. Toow Mo, a, 
Galogical Siorvey, The Porthend., 
Croester, Cosme. Conny M., U.S. Nu 
maee Depecrtimetnt, 
('Huisriv, Pere H., 
Geological Survey, S11 Ninth Street. 


i2 Vational Geographies Magazine. 


Crans, A. Howamn, 
Nations! Musam. 1827 8 Street. 
Cree. E. H.. tf, 
Geological Surrey. Laurel, Md, 
Cotowna, B, A., 
Coast anid Geodetio Survey, 2 Grant Place. 
Cotvin, VERPLANCE, 4, 


Clorrt, E.E.. 
Hydrographic Office. Seventeenth Street, Mt Plensant. 
Craves, Exa. Tous EF. 0.8. N.. 
Hydrographic Offices. 1810 Tarenty-second Street, 
Ono, R. T., a, 


Albany, New York. 


Geological survey, Lit Thirteenth Strewt. 
Crem, Witntasw Eyacroy, a, 
618 Fourteenth Street. (801 Commictient Avemun. 
Darwis, Cyas, (., a, 
Geological Sarvey. 1907 Harewood Avenue, Le Droit Park. 
Davinsox, Prop. Groner, «, 
U.S. Coast and Gexletie Survey; San Francisey, Cal, 
Davi, Anrive P., a, 
Geological Survey. 1910 Larch Street, Le Droit Park. 
Davis, Mus. Anruve FP., 
10 Larch Street, Le Droit Park. 
Davis, Peor, Wa. M., a, 


Day, Dex. Davin T.., 
Dense, W. H., a, 


Ditiven, J. &.. «, 


Cambridge, Muss. 
Geological Survey, 1411 Clhapin Street. 
Const ond Geodetic Survey. 12 lown Cirele, 


Gedlogion! Survey, 18 Sixteenth Street, 
Dovinas, E, M., a, 
Geological Survey, Takotna Park, 0. ©, 
Dow, Jom M.., 
Pacific Mail SS, Co., Panne, 0.8: Colombin. 
Dune, [ast a, 
Geological Survey. hil F Street, 
Dexstyeton, A. F., a, 
Geplogical Survey. LOO) North Caroling Avenue SE. 
Dorasy, Jom, 
14 Bd. Montparnasse, Pors, France. 
Drwres, A. H., 2, 
Hvirographic Office. 1408 Nineteenth Street, 


Members of the Soctety, 73 


Derion, Carr. C..E., U.S) A. a, 
Geolopgion! Survey. Did RK Street. 
Drer, Lievr, G. L, U. & N.., 
Navy Department, 
Eneos, J. Hy, a, 
OG F Street. 1706 () Strent. 
Extscorr, Exs. Jouw M., U, 8, N., 
Office of Naval Intelligence. 009 P Street. 
Exustorr, Lrscr. W. P.,.U.-8. N., a, 


Comat and Geedetic Survey. 
Fatrrtetp, G. A, a, 
Coat and Geodetic Surrev. 


Farerienn, Warrer E., a; 
Coast and Geodetic Survey, 


Farrer, Kowerr A., 
Gealogival Survey, 1812 G Street, 
Frssow, B. E., a, 
Department of Agriculture. 1841 F Street. 
Frsenen, FE. G., 2, 
Const amd Gendetic Survey, 438 New York Avenue. 
Fiton, CC. H., a, 
Geological Survey. Oi N Street, 
Freronne, L. C., a, 
Geological Survey. 1831 F Street. 
Firronm, Dn. Romer, it, 
Army Medical Museum. The Portland. 
Foor, Sawn A.; 
Gealogical Surver. O15 H Street, 
Gace, N. Pw, 
Seaton School, 401 Fourth Street. 
GaNseTT, Henny, a, 
Geological Survey, 1841 Harewood Avenue, Le Droit Pork, 
Gaxsicrr, 5S, &.. a, 
Geological Survey. 401 Sperone Street, Le Droit Pork. 
(stnpERT, Gr. Ka. ay 
treclogical Survey, 1424 Cercormn Street, 
Gitmas, De. D. CL, a, 
Johns Hopkins University, Baltimore, Ma. 
Goope, G. Theaws, a, . 
Nitionsl Museum. Lanier Heights. 
Goonk, FR. -U,, «, 
Geological Survey. THIS I Street. 
(soOprELLow, Epwarn, i, 
Coast und Geodetic Survey. 7 Dupont Circle. 


T+ National Geographic Magazine. 


Gonpos, FH. O., a, 
Geological Survey. 
Giaxcrn, F. D., 
Const and Gioodetic Survey. 
Gaeecy, Gee, A. W., U.S. A. a, 
Army Sirnal Office. 19144 Strwet. 
GeiawoLtp, W. 'T., 2, 
Geological Survey. Cosmos.(lub, 
Grioven, F. P., 
Geological Survey, 411 Ninth Street. 
Hackert, Menem. a, 
Geological Survey. Fi8 Third Street. 
Harmon, D. C., 2, 
Geoljgzical Survey. LaSh Corcoran Street, 
Hagron, Mason BR. Mz, 
Misa. River Commission, New Orleans, La. 
Hasekocex, E. M.. 
Geological Survey. 1805 RE Street, 
Hasxuis, E, EL, a, 
Comat and Geodetic Survey. 1418 Fiftewnth Street. 
Tavnun, Exe, Evexerr, U. 5, N., 4, 
Betrogriphic Office. TS09 Sintoonth Street. 
Hare C. Winnarn, 
Geolugio| Survey. hit Kiges Place, 
Hava, J. W,, 
Geological Survey, 222) Thirteenth Street, 
Heaton, A. G.. | 
L018 Seventeenth Stree. 
Hietuey, Al Ge, a, 
Army Signal (fice. $44 4 Street. 
Hisenaw, H. W., 4, 
Bureau of Ethoology, 1 Town Cirle, 
Henne, Gresrayy tt, 
Hydrographic Office, Mt C Street NE, 
Hernox, W. OL, «, 
Geological Surrey. Lie HT Street. 
Hot, Gino. “Au, nt, 
Noval Oieervatery, 2020 K Street. 
Hits. Por. Ty T., 
State Geological Survey, Austin, Tex. 
Ilixaans, [Nireser., 
In care Van Antwerp, Brigg & Co.. Cincinnati. 0. 
Honckiws, Por, EH. LL. a, 
Columbinn University. 111 Tenth Strest 


Members of the Sactety, 75 


Honeuina, W. C., 
Coaat and Geodetic Survey. 416 B Street, NE. 
Houtexite., Herman, | 
Room 48 Atlantic Building. 4107 N Street. 
Horta, C. L., 
Department of Agriculture. 104 1 Street. 
Horwanay, W. T., a, 
National Museum, 405 Spruce Street, Le Droit Park. 
Hows, E. E., a, 
4® Oxford Street, Rochester, 6. Y. 
Howat, D. J. a, 
District Building, Alexundria, Va. 
Hussasn, Garpier G., a, 
L228 Cemmectiont Aven. 
Hyneg, G. -E., 
Geological Survey. ih) Sproce Street, Le Droit Purk. 
Iarpenca, C. Ta, 
Comet and Geodetic Survey. 15% [ Street. 
duxnimeas, J. H., a, 
Geological Survey, S64 | Street NE, 
Jomsox, A. B.. a, 
Light House Board, S01 Maple Avenue, Le Droit Park. 
Jdomssos, J. &., 
Hownrd University. 24600) Sixth Street. 
Jonxeos, S: P.. 
Geological Surver. Gl Maple Avenue, Le Droit Park. 
Jonsson, W. D.. «, 
Geological Survey. 30) Maple Avenue, Le Droit Park. 


Jcuskresx, CHARLES, 
Coust ond Geolutie Sorver. 140 B Street, NE. 
Kant, Asrex, “, 
Gitlogical Survey, 12d) Eleventh Street, 
Katrruann, 8. IL, -a, 
[4 Masaechneetis A rere 
Kesastroxn, Paor. 0, A, «4, 
Howard University. 
KESNAN, GKORGE, «7, 
1316 Massachusetie Avenue. 
Resxeny, De, George G,, f, 
284 Warren Street, Roxbury, Alaa. 
Keer, Mark &., a, 
Gaolegionl Surrey. 1708 M Street. 


it Vational Geagraphie Magazine, 
Kinpant. E. F., 
‘Post Ofiice Department, 411 Maple Avenue, Le Droit Park. 
Rivera, &. DL, «t, 
Life Saving Service, 411 Maple Avenue, Le Droit Pork. 
Kise, F. H., | 
Unirersity of Wisconsin, Madison, Wis. 
Kise, Pror. Haury, a, 
Geological Survey, Lill @ Street, 
Kine, Wrreewas &., ; 
WHF Street. 1s Twelfth Street, 
Kateat, F. J...a; 


Qeologion) Survey. 
Kwow tos, F. EL, a, 
Geological Surver. 
Koos, Pyrex, a, 
Bozeman, Mont. 


Lacrnasn, W., EL, a, 
eloriral Survey. LS Corcoran Street. 
Lawarer, MM. 2, 
Geological Survey. 14al Mhode Tstond Avenice 
Leacn. Boreros, 
Hydrographic Office, 2025 P Street. 
Lerch, KR. L., a, 
Hridrographice fice, WK Street. 
LinpeskoaL, Apotrn, 4, 
Coust onl Geetetic Survey, 1% Fourth Street SE. 
Linpexsxoun, Hexny, a, 
Coast and Geodetic Survey, 462 EK Street, 
Lorrrvoort, J. Duainow, 
Geological Survey, 1802 M Street. 
Lowaerecet, HH. Le, &, 
Genlogical Survey, Lit Ll Street. 
Lovent, W. H., 
Gegligical Survey, 419 Spruce Street, Le Droit Park, 
Meteor, d aares.. 
Cealigical Survey, LOL Elerenth Street, 
MeGern, WI, a, 
Geolopeal Survey. 2410 Fourteenth Street, 
Motsi1., Miss Mary C., 
CA 2) Bireet, 
MecKur, FB. H.,, a, 
Goological Survey. Thi Rhode Taland Avenue. 
MekKrisxey; B..C..a, 
Geological Survey, 1120 Thirteenth Street. 


Menihers af the Soviety. Ti 


Maser, Jawes A, a, 
| Johoeen City, Tenn, 
Mansino, Vas. H., de. a, 
Geological Survey, UE N Strest, 
Mamas, H. LL, 
Coust ind Geailetic Surrey, 
Mamwnann, Ronerr E., 
Geological Survey. 140] Rhode Talend Avenue, 
Matriews, De. Wasumvrox, TU. 8. A. a, 
Army Medical Museum, 1002 New Dampehire Avenue, 
Merviter, Exc. rm Citeyry, Gin, W., U.S. Nad 
Savy Department, 1700 H Street. 
Mespexnary, Pror. TL C,, 
Coast and Geedetic Survey. 2) New Jersey Aventie SE, 
Maxocar,. Orv, Exe. A. G, U. 8. N., a, 
Navy Department. Wl Aillwer Pla, 
Merritam, Dye, C. Tarr, a, 
Departinent of Agriculeure. 1810 Sixteenth Street. 
Mispunerr. Cosmos, 
Buren of Ethnology. 1401 Stoughton Street. 
MixpeLerr, Vicrou, 
Burenu of Ethnology, OX4 Fourteenth Street, 
Moremi, Puor, Hes, a, 
18 Bawthorne Street, Hoxtury, Mass. 
Mosman, A. “T., 
Const and Geoletio Surver, 
Metonow, Rowen, «, 
Gmailogicn) Survey, 111 Rhode leland Avenue, 
Mram, A. E., 
Goeilitgitul Survey. i) Thind Street, 
Natrres, E. W. F. a, 
Hendville, Mins, 
New. Lovis, #4, 
Geologiod! Sarver, DUS Virginin Avenue SW, 
Nires, Preor, W. H., 
Maieachusetia Lostitute of Technology, Bioaton, Mage. 
Nounnorr, CHargles, a, 
TU) Fifteenth Street. 17a) KO Street. 
Opes, Tenserr G.,. a, 
Const ond Gowletic Survey. 1304 Nineteenth Street, 
‘Parsons, F. H..a, 
Const and Geodetic Survey, 210 First Street SE, 
*Partos, Pers. W. W., a, 


73 National Geographie Magazine. 


Poa, Du A. C., a 
Geologicn! Survey, 1445 Stoughton Street. 
Prarr, Ore. Ewa. I. EL, UL 8, N., 
League Island Navy Yard, Philadelphin, Pa. 
Pexnoer, A: A. EF de, 
Stite Geologicnl Survey, Little Hock, Ark, 
Prnusins, E. T., dR. «, 
Geological Survey. 1881 F Street, 
Peres, Lreor. G. 2. 0. 8. Na, 
Nary Department. 


Perr, Wroaitam J., a, 
Pritims, FE. #., 


Gwological Surrey. 1831 F Street. 


1401 Vermont Aten. 
Picxixe, Carr. Huwer F.. US. N,, 
AHydrosraphic Office. Baltimore, Mi, 
Presoe, Jostan, Ie., 
Geli Survey. fb Seventeenth Street. 
Powe... Mason. W., a, 
Geological Survey, §10 M Street, 


Powris, Por, Was B. a; 
Franklin School Building. 


Parstiss, De, D. W., a, 
Li Fourteenth Street. 


Poewrenoiy, Pror. Rarnane, 
C.. 8. Geologien)] Surver. Newport, BR. 1. 


TRexsnawk, so, H., a, 


Ceclogionl Suarroy, 
Ruoksrcern, Evaxxe, a, | 
Sentile, Woat, 


Hirrer, H. P., a, 
Const and Genetic Survey, IM Sixteenth Street. 
Korerrs, A. C.. @, 
Hydrecrmipiice Ufice. 
Renwan, Ena. Heran, U.S. N., 
Hydrographic Office. 2015 Hillyer Place 


Rouseru, 1. C.,:4, 
Geological Survey, 1816 Riggs Place. 


Sauoust, Poor. C. 5., u, 
Brookline, Mase. 


BKavy Department. 
Yemibridge, Mas 


Sonzey, Carr. W. 8. 0. 8. N. a, 


Bccooer, Sam. H., a, 


Members af the Society, 


=i 
— 
— 


Suatex, Pror. N: &., a, 
Canibridge, Mee. 
Siearert, J. &., 
Hrdrographic Office, 1911 Horewoxl Avenoe, Le Droit Park. 
Sixciamm, ©. EH, 
Comat mnt Geodetle Surray. 
Srrcnam, J. C., 
4 Lafayette Square, 
Saorn, Enews, a, 
Coast and Geoletic Survey. Rockville, Md, 
Sarre, Mroiaeron, , 
Army Signal Office. 1616 Nineteenth Street. 
Sosmnm, ed, i, 
Const and Geodetic Survey. MA Street BE. 
Sim, Rosen. 
Geological Survey, 710 Eleventh Street, 
Sremkcarn Leoxaarn, i, 
Setional Mipeeter, 
Srockron, Cr. Comme C, BH. 0.8. Nia, 
Navy Department. 
Scrros, PRraxn, 
Cieolopical Survey. TR Nineteenth Street, 
Tuomas, Miss Mary von E., 
Crist and Genetic Survey. 
Toowrsos, Pieor, A. H., «, 
Geological Survey. 
Tromesos, Ginnkrr, 1, 
Geological Survey, 148 9 Street, 
Tiromreox, LATRENCE, a, 
In care Northern Pacific R. RB. Co., Beonttle, Wink. 
Troomurson, Lrevr. R, Es U. 8. AQ a 
Army Signal Office, 3011 N Street, 
Trrmuass, ©. H,, a, 
Const and Geodetic Survey. 1010 Twentieth Street. 
Towsos, R. AML, a, 
Giolaziog! Survey. 1440 N Street. 
Tweeny, Fase, it, | 
(ieological Survey, 011 M Street. 
Crquaiart, Cuas. F., a, 
Vaser, Dn Grorcr, a, 
Department of Agriculture, 2008 Fourteenth Street. 
Vinat, W. LL, a, 
Cusst and Geodetic Survey, 152 D Street SE, 


Ri) National Geographic Magazine. 


Vox Haake, Apourn, | 
Poet Office Department. 1315 L Street. 
Wacerr, C, _D., «, 
Geological Survey. 418 Maple Avonuo, Le Droit Park. 
Wancace, Hastrox &., a, 
Geological Survey. 1815 M Street. 
Wanv, Lesren F., «, | oe 
Geoldgical Sorvey. MAH Rhode Inland Arenue 
Wr», Wattex H., o, 
Geological Surver. 825 Vermont Avenue. 
W ects. a: B:. an. 
. Tih? L, Street. 
Wrorwe, Dn Jaw ©,,.9, 
Colomblan University. 10h? Connecticut Arenue, 


Ware, De C. H., U.S. 4. 
Navy Department. 


Worse, Hexer L, 
Coast and Geodetic Sarvey. West Tisbury, Mass. 
Wire, Ges. J. Toa lf 
Johneon City, Tin. 
Witton, Mies Mary, 
Johnaon City, Tete. 
Win, Bainiry, @, | 
Geological Survey, 117 Rigze Place. 
Wii, Mes. Barry, 
1617 Riggs Place. 
W iLaix, A. E.. 
Giological Surver. 
Witeow, HL. Mi, a, | 
Geologival Survey. Cosmos Club, 
Wises, Virasas, _ 
Sational Museu. 1218 Connecticut Aréoue, 
Winsiow, Agtuve, - 
State Geological Survey, Jeflereon City, Mo. 
Wisetox, Leaac, | . 
Coast and Geodetic Survey, 1S Corcoran Street. 
W ontew Ai, Ri =. Lun 
| Geological Survey, 184 Columbia Road, 
TaAnnow, Di. I. Cc. “t, 
| 814 Seventeenth Street, 
Yrates, Cras. M., a, | - 
Geological Survey. 1506 F Stirvet. 





be 


ne A i> at) to OF i a ie % o “hh oe | a, a r id Set i i ee 
Me a Or AT aN WG aN iohe: te oar era Mea ie Sean SRO eS 
j 4... ] wm | ve , » e4 | b j J ¢/* a ay | es, kd 1 { lp il ‘? 
wk ee let LA. ee amy ieee le ie ce we CA ee P| ee ee ae 
‘ I re! or, ee : i 1 eh | a ‘i ~~! - » = - | ial = A+ m 5 Th fh “i woe = am A . 
a Fe ha F H } . a i aint f ij 
‘ it . rat et . _" é <7 r 
} ‘/ = = © na rm , Va 
Puen. 


sh cae ee 





Pi 
Pa oe 


( rt —s i» z =, d 
= j 
. = " 
wie ee “tna ; 
aD slag a ay 


a 


eS) Re be ne ne 


= te 


he | — a” 
“eee 4 eye? <_—_ 
i ee met he ay, 
ce ia» iy ib " ‘i a) : Pat r ae 
J ' 4 ? Are > 
eG mt th ee) AA a cage ay: 
Fisc lpalsy aj boat hae pe eee Fake hs gin, 
TEE SPS, SUL Ds Ha is Rca Ca 77 


: 
" : - 
q , An 
= ; Z af». fb ee! ’ 
| : 3 » 
we ; ) Aa ms _ ite J 
‘ F a 7 ; : , ? 
Y «i i / . ; 4 h i a ne 
; ; , . Pa’ 5 : | | 
>} | | ~ i a — 
7 . 5 F 7 mi - & — ee ’ +. - ; — 
} z 4 
. y a a 1 oa | r % a i : iA ad a = 
: } i = a s , 
& a J | } - - a a) 
. 7 4 ra , 7 La a ‘ Le , " w Uh y * 
+ & 7 z j ; -) ’ & j 7 = 
. a ~ i] ' | Li e i ® ( . 7 zt | 
- of . : q d . v i. si 1 . ° 
=» 4 | : ’ _— t ‘ ‘ # ‘ 
i" = * \ & = * J - ch ar = 7 ee vs : 
i - = ! 1 ' — i . 7 
na 4 7 _ : 2 - ; 
: = : , 


or Ma 
wT 


~*~ a 7 
hoa 


oe: . 
= oe 
ape td 


